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INTIIOEUCTICN 

On  July  1,  1927,  tv;o  of  the  "burnaur.  in  the  UnitRd  Stntes  Dora^tr-^nt 
rf  Ar^ri culture,  namely,  the  Bureau  of  Chemistry  and  the  Bureau  of  ^oils, 
were  consolidated  to  firm  the  Bureau  of  GhPiiistry  and  Soils  (nov/  known  ac 
the  Bureau  of  Agricultural  Cherartry  and  En.irinv>orinfr) ,  anci  at  th?"  sptio  time 
the  Divipion  of  Insocticide  Inve^-^^ti  rat  ions  w^s  cren.tGd  pp,  one   of  the  units 
^f   the  new  "burcati  for  the  purpose  of  propecutinr  cheraicnl  rereTch  on  in- 
secticides and  fungicides.   On  Soptcm'bGi'  1,  1^3''''  this-  Divisioji  wp?  trans- 
ferred t?  the  Bureau  of  lilntiraolopy  and  Plant  Quarantine,  fnj  hn?  roimin^^d 
in  this  Bureau  since  that  time. 

The  authority  for  the  wor^r  of  this  Di-'.-ir'irn  i?  cont-^innd  in  tho  vari- 
our  appropriation  bills  for  the  Departr^^ont  of  Agriculture  nnd  rerdr-  in  part 
as  follows: 

"Insecticide  and  fi^nricide  investigations:  ?or  the  in- 
vestifjation  and  devolopment  of  methods  of  m.-mufncturiri/^  irsoc- 
ticides  and  fianpici'^es ,  and  for  investifatine-  cheiiical  prchl'^^ms 
relatin/p-  to  the  composition,  action,  and  application  of  insec- 
ticides and  fun'-'icides.  " 

The  ortO-anization  and  research  line  projects  of  the  Division  of  Insec- 
ticide Invest  illations  as  of  Docemter  31-»  l'~'39»  •'^^f^  Gho\vTi  in  the  chart  v;hich 

follows  pa^e  2. 

Ihu'infi:  the  12  l/2-yGar  perio<l  ended  rscemhe^  31»  1'''39.  the  "i^ivision 
of  Insecticide  Investigations  has  publishod  USO  papers,  and  its  members 
have  been  granted  60  patents.   Other  papers  and  patent  applications  ^re 
ponding,  as  sh'^v/n  in  the  follov;inp  tabulation: 

Status  of  public^.tion,  DeC'-'nbf-r  3^-t  1^39 

Papers  published    .  .    ^30 

Papers   approved,    but   not  yc't   published 19 

Papers   subinitted,    but   not  yet   approv*3d _1'^ 

Total  '. 5ll 

Patents  granted  6o 

Patent  applications  in  interference  .  2 

Patent  applications  pending  3J^ 

Total  ■ 9'^ 

The  appropriation  allotted  the  Division  has  ran.ced  from  ■$3U,F00  for 
the  fiscal  year  192S  to  ^l6l,269  for  each  of  the  fiscal  years  1^37  and  193S. 
A  detailed  report  is  as  follows: 

Appropriations 

^ti^n 


Fiscal  year 

Tctc 

"1   pppropr 

1028 

$  3^,800 

1929 

60,300 

1930 

i^n,7(^5 

1931 

118,000 

1932 

128, UOO 

_  1+  - 

1933  137.300 

193^  Q3.^oo 
3955                 .       132.352 

1936.  lUg.qgU 

1937  161.569 

i93S  161.,  569 

1939  l!-'-3,'^69 

1940  •       1^2, S69 

The  foilov/in^  acco-int  of  f.cconiT)lishinents  h^^s  "boen  mado  os  "brief  n.s 
i?  corapr'ti'ble  wi^h  clarit:--.   Ih'^  nni-b-rs  in  pprHnthfso?  ar-^  th>3  in?ex  num- 
"bers  of  tho   putlicntioris .  of  the  piTisior^,  n   coniplit.p  li"=t  of  which  is 
appended  to  this  repor^.'  United  St'^'tos  pptor.ts.  ^ r.^ntor  ncmhers  of  the 
Division  ore  referred'  i'o  -urd-ir  their  ovti  ru^nhf^rr.   Jtill  det^'il*?  of.  ell 
resoarch  wor^c  done  in  thf  Division  vrill  be  found  in  theiao  puhlicptions 
and  patent F. 

AC*aiC'VLEXyiNT 

It  eho'^].d  he  emph-^riaod  that  th'^  wor<  of  tho  Division  of  Inpocticide 
Invest iieptions  is  wholly  physical  nr.d   chenic-^l   ^ni  th-^t  it  mak"s  no  te?ts 
upon  insects,  eithor  in  the  Ic.hora'bcry  or  in  tho  field.   All  t.ests  of 
materia]  s  to  deterjTiirie  th'^ir  inr^ec'^icidHl  vnlue  referred  to  in  this  report 
were  niade  hy  memherr  of  othe'!'  divirions  of  the  Bureru  of  Entomology.''  and 
Plant  Q,uarr..ntine.   rur':herDore ,  rany  of  the  purely  cherical  studies,  es- 
pecially of  analytical  nthods  and  of  proces'^'es  of  x^^ar-hing  apples,  have 
"been  carried  out  i-i  cooperation  v.dth  chemistn,  hortic-.ilturir-ts,  and  others 
in  the  Pureau  of  A^rricultural  Ghomistry  and  Tln^'ine'^rinf ,  tho  Food  and  Drue- 
Administration,  ths  Bureau  of  Plant  Industry,  ancl  certain  Sb-^te  afi;:^icultur- 
al  erperiraent  stations.   Much  of  the  -.■fov'^z   of  the  Divisii^n  of  Insecticide 
Invest i^J^t ions  has  "been  cooperative,  as  s>'.own  hy  the  fact  that  107  out  of 
kEO   puhli'jii.-d  papers  and  3  o'^t  of  bO  patents  represent  the  joint  efforts 
of  our  wcrl.ors  with  thoro  in  ctiior  ori'-anisiations. 

A  snnaiary  of  this  cooperative  work  is  indicat^'d  "balow.  The  names 
of  the  cooperating  entoaolo^ists  and  oth-^r  scientists  are  also  indicated 
"by  asterisks  in  the  list  nf  publications  at  the  end  of  this  report. 

Cooper.-.tive  v;crk  v;ith  various  orr-^niz'^ti -^ns ,  -'^s  shown  by  n-'iraber 
of  publications  and  patents  issued  Jointly  with  each  worker. 

United  States  Department  of  A.'-riculture. 

Bureau  of  Sntonolory  and  Plant  Q^jarantine :- 

Division  of  Insects  Affoctinp- 
Man  and  Aniraals: 

Number  of 
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INSECTICIDES  OF  PLANT  ORICrlN 

Beginnin^r  in  1927,  research  has  "been  prosecuted  on  the  principal  in- 
secticides of  plant  origin  such  ns  nicotine,  anabasine,  rotenone,  deguelin 
and  related  rotenoids,  quassin,  and  pyrethrins  I  and  II.   Exploratory  work 
has  "been  carried  on  with  many  plants,  including  Nicct_i^nn,  Pyrsthriun,  Derris 
Lonchocarpus ,  Tephrosia,  Spq.tholcbus ,  Farnsela,  Qn^s^ia,  Aeschrion,  Crot^n, 
Haplophyton,  P]-iello^en'^r'''n,  ^'^el^i.iirin,  Anamir-oa,  ani"  others  in  an  effort  to 
find  new  compcionds  rf  insocticidal  value. 

The  results  of  this  work  are  discussed  unr'er  s^^parate  headings. 

TOBACCO 

Tobacco  (Ficotiana  tabacuni  L.  ,  fanily  Solanaceae)  is  the  only  source 
of  the  widely  usod  and  potent  insecticide  nicotine.  Abnut  1,000,000  pounds 
of  this  alkal'iid  are  consumed  annuaJly  in  thf»  Unit'^d  States,  mostly  in  the 
form  of  an  aque^-us  solutim  of  the  sulfate  containing  kO   percent  of  nico- 
tine.  Nicotine  is  not  only  a  contact  insccticlc'e  and  a  furaigant,  but  when 
made  into  certain  w?tter- insoluble  forms  it  is  also  a  valuable  stomach 
poison  for  some  insects.   The  Division  of  Insecticide  Investigations  has 
been  active  in  the  search  for  new  nicotine  comp'^iinds  and  new  and  better 
ways  of  applying  nicotine  against  pests.   New  uses  for  nicotine  help  far- 
mers, orchardists,  florists,  and  poultry  raisers  to  better  control  of  their 
insect  enemies  and  also  widen  the  market  for  surplus  and  off-£:rade  tobacco, 
thus  aiding-  the  tobacco  grower.   The  United  St?^tes,  'during  the  3-.vear 
period  193?~37.  pry^ucod  nn   average  crop  of  tobacco  amoxinting  to  1,335.^96,000 
pounds,  or  about  23  percent  of  the  world  pr-ducti  'n.   The  estimated  form 
value  averaged  nearly  277  million  dollars.   Because  of  reduction  in  exports 
of  fire-cured  and  dark  air-curod  tobaccos,  unsalable  surpluses  have  devel- 
oped since  1929.   Of  moans  proposed  to  reduce  these  surpluses  an  increased 
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cnnsumption.  ■yf   tobacco  as  a  source  of  nicotine  is  the  most  pronieln^r,  end 
the  Division  of  Insecticide  Investi/^afcion«  Iv^s   contributed  nota^^ly  to  this 
end. 

Onr  accomplishments  in  these  endeavors  include  the  developra'^nt  of 
the  new   nicotine  compounds  nicotina  peat  (2S6,  351,  UlO,  --^nd  U.  S.  Patent 
2,107,05s)  and  nicotine  hvjnute    (2S7  and  7.  S.  Pat-nt  2,066,9^1)  "bv  Markwood, 
and  nicotine  bentonite  (222  and  F.  S,  Pat^nb  2,056,56^)  by  C.  "R.  Smith. 
The   latter  has  fciven  promising  rrsults  in  orchard  tests  in  Indiana  ('^t^iner 
and  associatris,  and  Fahey,  -•  ,  3B4,  4C5,  U47)  and  elsewhnre  as  a  substi- 
tute for  lead  arsenate  for  codling  moth  control. 

The  rer.oval  from  apples  of  nlcotine-bentonite  spray  residues  was  in- 
•vestigated  at  Vincennes ,  Ind.  ,  by  7ehey,  Puslr,  Steiner,  and  Sa-^ama  (U07) 
and  at  Yakima  and  T/enatchee,  T^ash.  ,  by  Gassidy  of  this  Bureau  and  Edwin 
Smith  of  the  Bureau  of  Plant  Industry  (Ub5).   Sither  hydrochloric  acid  or 
sodium  silicate  washing  solution  is  effective  in  removing  these  residues. 

The  increased  use  of  nicotine  (end,  in  turn,  of  tobacco)  duc''to  the 
development  of  this  new  nf.cotine  compuund  for  codling  rcot.h  control  may  be 
seen  from  the  following  figures  of  the  recent  consumption  of  nicotine  in 
the  apple  belt  of  Indiana  and  Illinois. 

Consumption  of  nicotine  for  codling 
moth  control  in  Indiana  and  Illinois 

Year  Pounds  (of  alkaloid) 

193b  UCO 

1937  l+,000 

1938  Un.^oo 

1939  80,000 

The  possibiliti.es  of  a  still  greater  use  of  nicotine  as  a  substitute 
for  lead  arsenate  as  a  poison  for  codling  moth  control  are  apparent  \\'hen  it 
is  realised  that  the  greater  part  of  the  annual  consumption  of  about  Uq 
million  pounds  of  this  arsenical  in  the  United  States  is  applied  in  apple 
orchards.  '  - 

The  Secretary  of  Agriculture  (Senato  Document  ITc.  39.  7'^th  Congress, 
1st  Session)  in  a  letter  dated  March  17,  1939,  transmitting  in  response  to 
Senate  Resolution  No.  291  (75th  Congross)  a  report  pertaining  to  the  export 
trade  in  and  b^^products  uses  of  tobacco,  wrote  as  follows: 

"Nicotine  bentonite  used  as  a  poison  for  chewing  insects 
establishes  a  decided  step  forward  in  insecticide  science. 
Its  use  is.  believed  to  involve  no  objectionable  residue 
problem  as  is  -the  case  with  arsenate  of  lead,  now  the  most 
widely  used  poison  in  the  horticultural  field.   A  further 
advantage  in  the  use  of  this  material  is  that  it  does  not 
damage  the  foliage  of  the  plants  upon  which  it  is  employed 
nor  is  there  any  acciamulation  of  poison  in  the  soil.   This 
material  has  passed  the  experimental  stage  and  in  certain 
fruit  areas  it  has  been  adopted  in  commercial  practice,   *** 
It  is  estimated  that . if  the  present  indicated  rate  of  in- 
crease in  nicotine  usage  for  the  control  of,  the  codling 


moth  Is  maintained,  1  million  pounds  of  nicotine  alkaloid 
mi^ht  be  used  annually  by  the  apple-tf-rowin^  industry  alone 
within  10  years.   Such  new  demand  for  nicotine  would  absorb 
the  available  supplies  of  the  low  grades  in  the  heavy  types 
of  tobacco,  and  would  require  very  much  larger  amounts  of  low  ^ades of 
the  lighter  types  such  as  fluo-cured  and  burley  tobaccos 
than  are  now  beinf-  consumed.   Such  new  demands  would  be  in 
addition  to  the  12  to  IS  million  pounds  of  low-e-rade  leaf 
f'      tobacco  and  approximately  120  million  pounds  of  factory 
wastes  now  used  annually  for  contact  spray  purposes." 

It  was  obsprvpd  by  C.  R.  Smith  *^U.  S.  patent  2,033,  S56)  that  benton- 
ite  combines  with  other  alkaloids  and  natural  beises,  and  Markwood  (U.  S. 
patent  2,123. 2US)  found  that  peat  does  also.   These  compounds  may  prove 
useful  as  new  modes  of  administerinv?  druf^s  such  as  arecoline,  stry^linine,  • 
etc. ,  to  domestic  animals  and  man  where  a  delayed  action  is  desired. 

New  analytical  methods  for-  nicotine  were  perfected  by  Spies  (317i 
320),  by  Goodhue  (37*0.  and  by  Mar^<wood  (378)  which  make  it  possible  to 
determine  quickly  and  accurately  the  nicotine  spray  re?- .ne  on  a  single 
apple,  or  the  minute  quantity  of  nicotine  rapor  present  in  the  atmosphere 
of  a  (C-reenhouse  that  has  been  fumigated  with  this  r.ate-^ial.   These  data 
must  be  known  to  the  entcmoloc^ist  in  order  t  "ir.t  aji  effective  and  economical 
schedule  for  the  applicntion  of  nicotine  can  oe  v/orked  out. 

In  connection  with  our  studies  on  tobacco,  other  species  of  the 
genus  Nicotiana  and  hybrids  of  these  with  tobacco  have  been  examined  for 
constituents  of  insecticidal  value.   In  addition  to  nicotine,  C.  H.  Smith 
isolated  anabasine  (2U9)  and  Inevo-nornicotine  (35'^)  fJ'om  certain  of  these 
plants,  and  the  plant  breeder  has  been  ri"^en  information  which  enables  him 
to  produce  a  hybrid  rich  in  any  one  of  these  alkaloids.   This  work  has 
value  not  only  to  those  seeking  improved  tobacco  varieties,  but  also  to 
those  who  wish  to  develop  new  and  improved  sources  of  insecticides.   For 
example,  anabasine  is  at  present  obtained  commercially  only  from  the  Russian 
weed  Anabasis  aphylla  L.  (family  Chenopodiaceae)  ,  and  the  findinje  cf  a 
domestic  source  of  this  valuable  insecticide  in  ITicotiana  ^lauca  will  free 
the  United  States  from  a  foreign  monopoly. 

New  nicotine  compounds  made  by  the  Division  of  Insecticide  Investi- 
gations include  its  salts  with  alpha-bromo-palmitic  and  alpha-brcmo-stearic 
acids.   These  salts  are  more  soluble  in  oil  than  in  water  and  hence,  when 
added  to  an  oil-in-water  emulsion,  tend  to  remain  in  the  oil  phase,  where- 
as nicotine  sulfate  and  other  nicotine  salts  and  also  free  nicotine  go 
largely  into  the  aqueous  phase  and  are  lost  when  the  emulsion  breaks  on 
contact  with  foliage  and  the  water  part  of  thp  emulsion  runs  off. 

Directions  were  oiiblished  for  preparing  home-made  nicotine  solutions 
from  tobacco  (269).   There  were  also  issued  bibliographies  of  the  chemistry 
and  of  the  ins'^cticidal  uses  (306,  31<^  by  Mclndoo  and  Busbey)  cf  nicotine 
and  tobacco.   These  present  3,3Ug  abstracts  of  published  articles  and  com- 
prise the  most  complete  information  on  the  subject  that  has  been  published. 

PY?.ETHFUM 

The  flowers  of  certain  soecles  of  chrysanthemum  (Chrysanthemum 


cinerariaefollixrn  (Trev.)  Vis.,  f??-iily  Corapositae)  haT^e  lon^  "been  known  to 
have  insecticidal  vi?lup.  Under  the  nPTin  pyr^thnun  qp  much  -^s  20,000,000 
pounds  of  these  flowers  have  "be'^^n  inport^d  into  tho  United  States  in  a 
single  year  for  use  in  the  mam.afacture  of  household  end  cattle  fly  sprays, 
greenhouse  sprays,  and  apricultural  dusts.   The  che^iist  is  interested  in 
learnirj?  the  exact  nake-up  of  the  two  principles  that  arc  responsi'ble  for 
the  insecticidal  action  of  these  flov/ers.   Those  principles,  called  pyreth- 
rin  I  and  pyrethrin  II,  look  like  glycerol  "but  have  very  complete  ch*^nical 
structures  v/hich,  if  Cirrapletely  understood,  would  enable  the  chemist  to 
synthesize  related  materials  of  perhaps  analogous  action.   A  kno^vfled^re  of 
the  structures  of  the  pyrethrins  is  also  necer^sary  in  order  to  determine 
their  conpatihility  with  other  ins^ecticides  and  to  naka  it  po&sihle  to  use 
them  most  effectively  and  economically. 

L^Forge  rnd  Haller  developed  an  improved  procedure  for  the  isolation 
and  partial  separation  of  pyrethrin  I  and  pyrethrin  II  (265,  U.  S.  patents 
2,0U4,502  and  2,050,97^),  which,  in  careful,  laboratory  tests  "by  Sullivan, 
McGovran,  and  Phillips  (^06),  have  been  shown  to  act  differentlv  on  flies, 
the  knockdown  beinr  due  to  pyrethrin  II  and  the  kill  to  pyrethrin  I.   The 
structures  of  these  principles,  although  not  v/holly  deternine*^,  have  been 
revised  by  Haller,  LaFor^-e'^  and  Acre e  (263,2^2,  291,  307,  3^0,  3U1,  355, 
370,  399,  U30,  hkj),    hjS) ,    and  a  new  constituent  of  pyre  thrum  flowers,  called 
chrysanthin,  was  isolated  and  studiad  (3^2,  H53)  ^^'^-   found  to  be  identical 
with  the  pyrethrosin  of  Thorns.   The  behavior  of  the  pyrethrins  on  hydro- 
venation  was  studied  by  Haller  and  LaFori?e  (3'-''-0),  a,nd  the  lack  of  insecti- 
cidal value  for  flies  of  the  resulting  products  ascertained  by  Sullivan 
(385)*   One  of  the  reduction  products  is  an  odorous  compound  used  in  the 
perfume  industry,  namely,  dihydrojasmone  (Haller  ?ind  LaPorire  U.  S.  patent 
2,096,715)-   I^  the  course  of  this  work  it  was  shovn  that  crystalline 
pyrethrin  I  semicarbazone  is  not  a  homogeneous  compound  (328,  329),  and 
pyrethrin  II  was  isolated  pure  for  the  first  time  in  the  form  of  its 
cr^'stalline  semicarbazone. 

It  was  found  that  the  common  field  daisy  contains  no  pyrethrins 
(Acree  and  LaForjee,  302).   This  weed  r'-^semMes  pyrethrum  closely  and  has 
been  used  to  adulterate  th.^  p-enuine  flower. 

A  new  method  of  determining  pyrethrin  II  v;as  devisod  by  Haller  and 
Acree  (263)  v/hich  is  quicker  and  more  accurate  than  previous  methods.   The 
pyrethrin  content  of  fresh  flowers  was  determined  (297»  326).   The  value 
of  ethylene  dichloride  for  extractinr  the  inuecticidal  principles  from 
pyrethrum  flowers  was  ascertained  by  Qersdorff  of  this  Bureau,  and  Davidson 
of  the  Food  and  Dru?  Administration  (43>,  and,  followinj?  an  announcement 
of  our  findin-^s,  this  solvent  came  into  lar^e-scale  use  in  the  manufacture 
of  concentrated  pyrethrum  extracts.   A  review  of  assay  methods  for  pyreth- 
rum flowers  was  piiblished  by  Hoark  (25);  attention  was  called  by  the  same 
author  to  the  incompatibility  of  pyrethrum  and  alkaline  soaps  (58),  and 
aqueous  extraction  of  pyrethrum  wps  found  by  Sch^chter  and  Haller  (^13)  to 
be  unsuitable  for  increasing  the  percentage  of  pyrethrins  in  the  flowers 
and  in  the  petroleum  ether  extracts. 

In  cooperation  with  McDonnell  and  associates  of  the  Food  and  Dru^ 
Administration  (66),  a  report  on  the  relative  insecticidal  value  of  commer- 
cial grades  of  pyrethrum  was  published  by  Nelson.   This  called  attention 
for  the  first  time  to  the  fact  that  open  flowers  are  more  valuable  than 
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closed  flowers,  a  finding  directly  contradictory  to  the  opinion  of  the  trade. 

An  examination  "by  Gertler  and  Fall'er  (U25)  of  methods  recommended 
for  preparing  home-made  pyrethrum-ks^rosene  fly  sprays  showed  that,  although 
the  pyrethrins  are  rea.dily  dissolved  in  the  kerosene  employed,  there  is  a 
loss  of  27  p'^rcent  in  th-^  volume  of  the  solution  when  1  pound  of  flov/ers 
is  macerated  in  1  gallon  of  kerosene  and  the  extract  decanted.   In  order 
to  obtain  a  solution  containing-  100  mg.    total  pyr'^thrins  per  100  cc.  (th^ 
minimum  standard  for  a  satisfactory  fly  spray)  it  is  often  necessary  to 
use  more  than  1  pound  of  flowers  in  order  to  make  1  gallon  of  spray  "because 
of  the  low  quality  of  much  of  the  pyrethrum  on  the  American  market.   In  the 
case  of  pyrethrum  powder  containing  only  O.U5  percent  total  pyrethrins  — 
and  material  of  evon  lower  grade  has  "been  encountered  —  it  is  necessary 
to  use  about  1-\l 2   pounds  of  pyrethrum  pov/der  and  I-3A  gallons  of  kerosene 
in  order  to  obtain  1  gr.llon  ^f  minimum  standar'^  fly  spray. 

D3RRIS,  CUBI],  OD  OTIISR  R0T3N0N^-C0NTAI1'I1-TG  PLAINTS 

Derris.  —  In  1927  the  Division  of  Insecticide  Investie-ations  began  an  in- 
vestigation of  derris.   At  that  time  Japanese  chemists  were  investigating 
one  of  the  most  important  constituents  of  derris,  namely,  rotenone,  but  its 
structure  was  unknown,  and  the  presence  in  derris  of  deguelin,  tephrosin, 
and  toxicarol  was  unsuspected. 

Work  on  rot^mone  resulted  in  the  determination  of  its  chemical  struc- 
ture in  November  1*^31 »  and  an  accoiuit  of  this  was  published  in  February 
1932.   This  achievement  was  recognized  in  1933  "by  the  award  of  the  Hille- 
brand  Prize  of  the  V/ashington  Chemical  Society  to  Doctors  LaPorre  and 
Haller,  who,  with  the  assistance  of  L.  "S.  Smith,  were  the  first  to  solve 
this  very  difficult  problem.   During  the  course  of  this  work  our  chemists 
v;ere  in  keen  competition  with  chemists  in  Japan,  Germ.any,  anci  lilngland  who 
were  also  seeking  to  determine  the  structure  of  rotenone.   Accounts  of  this 
research  were  published  in  a  series  of  12   papers  by  LaPorge,  Haller,  and 
L.  5.  Smith  (35,  51,  52.  53.  61.  65,  69,  7^,  S2,  ^3,  93.  109,  115-  117.  120, 
I2U,  125,  126,  129,  137,  138,  150,  152,  160,  190,  191,  193,  199,  220,  223, 
231,  and  232)  and  also  a  it-eneral  review  of  all  the  work  done  to  determine 
the  structure  of  rotenone  (l79)' 

At  the  same  time  the  other  constituents  of  defris  and  cube  were 
studied  by  Clark  (56),  namely,  defnaelin  (87,  89,  lOU,  111,  118,  1^1 ,  163), 
tephrosin  (92,  155.  171).  and  toxicarol  (fiO,  108,  I36,  lUU,  163,  2lU) .   Of 
these  deguelin  is  the  most  toxic  to  insects,  an^^  the  optically  active  form 
is  more  potent  than  the  optically  inactive  form  (Pink  and  Haller,  296). 

Racemic  de^^uelin  was  found  by  Goodhue  and  Haller  (U36)  to  form  defi- 
nite stable  solvates  with  a  number  of  solvents.   Deruelin  crystallizes  from 
carbon  tetrachloride,  chloroform,  bromoform,  and  ethylene!  bromide  with  1 
mole  of  solvent  to  1  mole  of  de,?uelin,  and  from  bromobenzene ,  chlorobenzene, 
and  benzaldehyde  with  1  mole  of  solvent  to  2  moles  of  deguelin.   The  optical- 
ly active  deruelin  in  the  roots  of  Derris  and  Lonchocarpus  does  not  form 
these  solvates.   A  method  for  the  quantitative  determination  of  def'uelin  in 
plant  material  based  on  the  formation  of  thc^  carbon  tetrachloride  solvate 
has  been  published  (^79).   Seven  samples  of  derris  contained  from  0.35  to 
3.9  percent  doguolin  and  6  samples  of  Lonchocarpus  from  0,25  to  2.3  percent. 
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The  physical  pt^operties  cf  rotenftne  were  invest ip-a terl ,  such  as  its 
dimorphism  (Gooden  anti  C*  M.  Smith,  27^)  ant^  its  solubility  in  many  orp-pnic 
solvents  (J6nes  et  al.  62,  3^6)  With  some  of  which  it  forms  solvates  (ll3. 
332).   This  property  is  the  "basis  of  tho  essay  methfi'^  now  uso'^  for  evalunt- 
infi-  derris  and  cubo.   The  combination  of  rotenone  with  '^ichloroacetic  acid 
was  patented  by  Jonps  (U.  S.  pat'^nt  2,103,195). 

The  mil]<y  sap  from  fresh  derris  root  has  been  used  as  an  insecticide 
for  centuries  by  Chinese  gardener?,  but  in  those  parts  of  the  world  where 
only  the  dried  root  is  available  little  attention  has  been  ^iven  to  water 
extracts.   G-oodhue  and  Halli-^r  (USO)  reported  ^  chemical  examination  of  the 
water  extracts  of  seven  samples  of  derris,  cube,  and  timbo.   From  2U  to  Ul 
percent  of  the  active  material  can  be  removed  by  one  extraction,  and  succes- 
sive extrRCtions  remove  more.   Wien  preserved  against  fermentation,  th'^se 
suspensions  of  the  active  principle  are  very  stable,   ^oth  glucose  and  levu- 
lose  were  found  to  be  present  in  one  sample.   The  ^lucosides  similar  to 
saponin  had  no  hemolytic  power. 

The  value  of  rotenone  as  a  mothproof inp  aieent  was  discovered  by  Roark 
in  cooperative  studios  v;ith  Back  and  Cotton  (85),  and  its  toxicity  to  gold- 
fish was  deterrained  by  Gersdorf f ., (So) ,   Some  ways  of  preparing  rotenone  for 
use  as  an   insecticide  were  looked  into  by  Jones  in  cooperation  with  Davidson 
of  the  Food  and  Drue-  Administration  (95.  9^).  ^nd  certain  procedures  were 
patented  (1,928,256;  1,928,968).   The  value  of  kerosene  extracts  of  derris 
as  fly  sprays  was  pointed  out  by  Campbr^ll,  Sullivan  and  Jones  (210,  215). 
The  use  of  carbon  tetrachloride  for  extractini?  rotenone  from  plant  material 
was  patented  by  Jones  (l,9^2,104);  also  a  process  of  making  dihydrorotenone 
from  rotenone  by  the  use  of  a,  nickel  catalyst  was  patented  by  Haller  and 
Schaffer  (193,  199.  and  U.  S.  patent  1,9^5,312). 

Attention  was  called  by  Roark  to  the  absence  of  rotenone  in  certain 
shipments  of  commercial  derris  root  (98)  received  in  1930'  ^^^   "the  avail- 
ability of  derris  of  hiph  (9  to  12  percent)  rotenone  content  on  the  American 
market  in  193^  was  pointed  out  by  Jones  (UUl).   Both  the  Federated  Malay 
States  and  the  Dutch  "East  Indies  can  supply  such  roots  in  commercial  nuanti- 
ties. 

The  rate  and  extent  of  decomposition  of  rotenone  under  different  con- 
ditions was  investie-ated  by  chemical  analysis  (lOl,  110)  and  also  in  cooper- 
ation with  Davidson  (96)  and  Campbell  and  Sullivan  (177)  "by  tests  upon 
insects;  and  the  stability  of  derris  spray  residues  under  different  condi- 
tions of  temperature,  lifrht,  and  rainfall  was  studied  (U20,  UU2)  by  spraying 
several  derris  mixtures  on  flass  plates  and  determinin,?  the  rotenone  in  the 
deposits  after  exposure  under  various  conditions  of  temperature  and  lipht. 
Derris  deposits  were  decomposed  both  in  the  presence  and  in  the  absence  of 
simlipht.   The  rate  of  decomposition  was  increased  vrhen  the  temperature  vras 
increased.   After  exposure  for  15  days  to  sunlirht  at  32.5°  F. ,  an  average 
of  60  percent  of  the  deposit  was  decomposed,  while  73  percent  was  decomposed 
at  70-75°  '^'  >  pven  though  the  latter  deposits  wer^  subject  to  the  screenin,? 
effect  of  greenhouse  ^lass.   In  the  absence  of  liisrht  and  at  similar  tempera- 
tures there  was  no  measurable  change.   However,  vrhen  the  temperature  was 
increased  to  120°  F. ,  about  one-fourth  of  the  deposit  was  decomposed. 

The  history  of  the  use  of  derris  as  an  insecticide  from  ISUS  throUiPh 
1928  has  been  compiled  by  Roark  (U21,  U3U),  and  its  later  history  is  bein,? 
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prepared.   A  list  of  nearly  ^0   species  of  insects,  'beloncinc  to  5  orders 
and  26  families,  that  attack  stored,  <icrris  root  or  the  leaves  of  the  prov- 
ing plant  ('+38)  and  a  list  of  the  np.tlve  names  for  various  spv^cies  of  Derris 
(U^8)  were  published  "by  the  same  author, 

LonchocarpUF: .  —  In  the  courso  of  invpstii?atinr  miscellaneous  fish- 
poison  plpnts,  it  was  found' that  rotenone  ^nd  de^ruelin  are  also  pres'^^nt  in 
the  South  American  plant  cuhe  (loncho carpus  sp.)  (Clark:  Ul ,  56;  Jonos  ifU, 
202). 

A  new  compound,  lonchocarpic  acid,  was  isolated  "by  Jones  from  a 
species  of  Lonchocarpus  from  Venezuela  (217).  and  it  was  foun-^  "by  the  same 
investigator  that  the  rotenone  content  of  stored  cuhe  root  attacked  "by 
horers  (Binoderus)  was  not  diminished  (38O). 

Tephrosia.  —  Rotenone  was  discovered  in  a  plant  native  to  th'^  IJr.ited 
States,  namely,  Tephrosi?^  (Cracca)  virg-ini'^na .  or  devil's  shoestrin,"-  (Clark, 
175)  •   The  importance  of  this  plant  --^s  a  possihlo  source  of  rotenone  and  re- 
lated insecticides  was  pointed  out  "by  Roark  (221)  and  led  to  an  extensive 
investigiation,  still  under  way,  of  this  ^enus  "by  the  Bureau  of  Plant  Indus- 
try.  Rotenone  or  related  compounds  were  later  found  to  he  present  in  5 
other  domestic  species  of  this  ^enus ,  and  their  ins^cticidal  possibiliti=»s 
were  studied  "by  Jones,  Campbell,  and  Sullivan  ( 2^U) .   A  South  American 
species  of  this  e-er.us,  namely,  Tephrosia  toxic^ria,  wa?  t-isted  for  in?f^cti- 
cidal  value  by  Jones  and  Sullivan  (35?) ,  an*^  toxic'^rol  wa?  first  isolated 
from  this  species  by  Clark  C^O). 

The  similarity  in  chemical  composition  *>nd  inpecticid=l  action  as 
well  as  in  bot.'=<nical  ch'^racteristics  of  certain  rf'nera  of  F^baceae,  notably 
Derris  ,  Lonchocarpus .  ani  Teph-^osia ,  was  pointed  out  by  Roark  (I87).   Bibli- 
OfTraphies  on  the  rotenone-bearinf  plants  Derris  (13^^).  I'onchocarpus  (279, 
Ul9),  and  Tephrosia  (327)  were  published  by  the  same  author;  also  reviews 
and  popular  articles  on  them  and  rotenone  (2?,  31,  U2,  76,  77,  133.  238,  2UU, 
klk). 

A  careful  study  by  Jones,  Campbell,  and  Sullivan  (2U5)  was  made  of 
the  relations  between  chemical  composition  and  insecticidal  effectiveness 
of  rotenone-bearin^  plants.   Acetone  extracts  of  derris,  cube,  haiari,  and 
Tephrosia  virginiana  were  prepared  and  tested  on  houseflies.   The  amounts 
of  rotenone  prosent  in  th^  samples  vr^re   too  low  to  account  for  all  the  toxi- 
city.  In  more  than  half  the  samples  the  figures  by  the  Gross  and  Smith  test, 
considered  as  representing  the  sum  of  rotenone  and  do^-aelin,  agreed  with  the 
toxicity  value,  but  in  other  samples  they  were  lower.   Total-extractive 
values  were  higher  than  toxicity,  and  values  based  on  the  methox^'l  content 
of  the  extract  were  somewhat  closer  but  were  also  too  hiph.   ^Vh^n  an  apr^roxi- 
mate  value  for  toxicarol  was  subtracted  from  the  methf^xyl  figures,  the  re- 
sults agreed  more  closely  with  the  toxicity  figures  in  general  than  did  the 
results  of  other  determinations.   It  was  concluded  that  no  one  chemical 
determination  accurately  measures  the  insecticidal  effectiveness  of  rotenone- 
bearing  plants. 

Numeroiis  qualitative  c:)lor  tests  have  been  proposed  for  rotenone  and 
other  constituents  of  derris  and  cube  r^ots,  and  sever'^l  nuantitative  color 
reactions  have  been  developed  for  the  evaluation  of  these  materials.  Jones 
(^59)  in  1939  compared  the  results  obtained  by  some  of  these  colorimetrlc 
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methods  v;ith  eadh  obher  nnci   with  sorao  of  thp  pravimotric  rnethnds.   He  con- 
cluded th?»t  in  eviluntia^  derris  pxxd  cuoe  roots  it  is  now  possible,  "by  nak- 
inf   upe  of  colorinetric  proce'lnTos  and  a  deterninption  of  rotonone  by  the 
usual  method,  to  obtain  at  leas^t  approximate  values  for  do^.elin  end  toxi- 
carol;  "by  the  Goodhue  moriif Ication  of  the  Gro^s  and  Srnith  color  test,  to 
arrive  at  an  estimate  of  the  insecticidal  vplue  (for  housofllps);  and  "by 
the  Mf^ypr  color  test,  to  fp.t   a  rou^h  idea  of  the  totpl  naterinls  of  th<=> 
rotenone  type. 

Cube,  tinbo,  and  derris  roots  yielded  small  quantities  (0.02  to  O.Uo 
percent)  of  al'caloidal  material  which,  at  a  concentration  of  1:10,000,  was 
nontoxic  to  nosouito  larvae  (Sullivan)  and  hence  v/as  not  further  investi- 
gated (Jones,  kGk) . 

A  study  of  toxicity  to  the  housefly  of  optically  active  and  inactive 
compounds  of  the  rotenone  series  was  reported  in  1939  "by  Sulliv«n,  Goodhue, 
and  Haller  ik^l) .      The  toxicity  test?  were  r.ade  on  the  housefly  by  the 
turntable  method  of  Camp^^.ell  and  Sullivan  (Soap  lU  (6):  119-125.  1^9-  193^). 
The  com.pounds  were  sppliad  both  in  acetone  and  in  a  raijcture  of  a  hiffhl?/  re- 
fined kerosene  pnd  cyclohexanone  (90:10).   The  more  dilute  acetone  sprays 
were  prepared  by  adding-  acetone  to  the  ori^-inal  solution,  and  the  more 
dilute  keroscna-cyclohex^none  sprays  by  a.ddinfi:  refined  kerosene.   Six  tests 
with  about  1^0  flies  each  v;ere  made  on  efich  concentration  of  the  various 
materials.   Rotenone,  l^.^^'o-dihy'rorotenone,  levo-beta-dihydrorotenone, 
levo~dih,vdrodeeuelin,  levoderuelin  concentrate,  racemic  defuelin,  and 
racemic  '^ihy'roderuelin  \.;ere  tested.   In  acetone  f^olution  the  two  optically 
inactive  (racemic^  compounds  are  much  less  toxic  thaii  are  the  optically 
active  ones,  but  v/hen  tested,  in  hif:hly  refined  kei-osene  containing  cyclo- 
hexanone  the  toxicity  of  the  racemic  compo-'inds  is  approximately  the  same  or 
only  slij?htly  less  than  that  of  the  optically  active  compounds. 

At  present  more  than  3*000,000  pounds  of  rotenone-b'^arinp  roots  are 
imported  annually  into  the  Unito'^  States,  from  which  ai*'^  manufactured  agri- 
cultural dusts  for  corabatinfi-  cabbage  v;crms,  the  Mexican  bean  beetle,  the 
pea  aphid,  the  pea  weevil,  and  other  insects  attacking  truck  crops  and 
gardens.   Rotenone  and  related  compound's  (deg-uelin,  etc..)  also  go  into  fly 
sprays,  cattle  spra,ys,  and  horticultural  sprays  for  combating  many  house- 
hold and  greenhouae  insects. 

The  value  of  rotenone  as  an  insecticide  is  due  to  its  extraordinary 
potency  (as  a  stomach  poison  to  silkworms  it  is  15  times  as  toxic  as  lead 
arsenate,  and  to  bean  aphids  it  is  JO  times  as  toxic  as  nicotine)  torether 
with  its  low  toxicity  to  mammals  (only  one-thirtieth  as  toxic  as  lead 
arsenate  when  fed  to  rabbits).   Deguolin  also  has  high  insecticidal  value 
and  adds  to  the  effect  of  rotenone  in  derris,  Lonchocarpus .  and  Tephrosia. 

Spatholobus.  —  Rotenone  was  demonstrated  to  be  present  in  a  species 
of  Spat  ho  locus  C<3ones,  IfG) ,      All  plants  in  which  rotenone  has  been  found 
belong  to  the  bean  family  (Fabaceae). 

PAROSELA  (Family  Fabaceae) 

Two  constituents  were  isolated  by  Spies  and  Drake  (lU9)  from  the 
Florida  plant  Parosela  barbata  (Oerst.)  Rydb. ,  but  proved  nontoxic  to  insects. 


QUASSIA  and  AESCHRION  (Family  Simarou"bp.ceae) 

Surinam  quassia  is  derived  f  ro~  Q.uap?ia  ara^irn  L.  ajnd  Jamaica  auassia 
from  Aeschrion  excelsa  (Svartz.)  Kuntze.   !^och  th^^;'^  species  have  1^66:1 
studied  chemically  oy  Clark  (333>  y^5>    3^9)  a-id  the  nature  of  their  active 
principles  clarified.   Atout  1,000,000  pounds  of  auassia  wood  are  imported 
annually,  "but  as  aji  insecticide  its  use  is  r3stricte'^  lrrf;-ely  to  the  control 
of  the  hop  p.phid.   A  "better  knowledge  of  the  chemJ  sory  of  this  material  will 
enable  the  entomolOisrist  to  ext^^nd  the  r^nsre  of  its  usefulness.  A  "bihliotera- 
phj"-  of  quassia  was  published  (Bus"bey,  UU9). 

CHOTON  (Family  Euphorhiaceae) 

The  use  "by  the  Chinese  of  pl'^nts  of  this  renus  as  fish  poisons  has 
hef^n  recorded  (Roark,  112).   The  "heans  of  Grot  on  ti.'^'lium  L. ,  the  source  of 
croton  oil,  have  "been  used  hy  tho  Ch'-nese  as  an  insecticide  ^'Iso.   A  chp>mical 
study  of  thf5  constituentr  of  thes*-  "brans  "by  Spies  (23U,  235,  236,  3U?)  re- 
sulted in  thp  discovery  of  sn   ?inalo£rous  relationship  "betwpen  croton  resin 
and  the  active  constituent  of  poison  ivy.   The  presence  of  b.   flvcoside  con- 
taininsr  d-ri'bose  in  croton  "be-^n  vras  confirmed  "by  Spies  and  Drake  (2U3). 
Tests  upon  folf^fish  shov^ed  croton  r^^sin  to  "be  even  more  toxic  than  rotenone, 
which  at  a  concentration  of  only  O.OU  mp.  per  liter  (l  part  in  25,000,000 
parts  of  water)  kills  goldfish  in  200  minutes.   Oioton  re;^in  would  dcu"btless 
"be  a  value"ble  addition  to  our  list  of  potent  orisranic  insecticides  if  its 
stronf'  vesicant  action  (similar  to  that  of  poison  i\'y)  dil  not  preclude  its 
practical  use. 

HAPLOPHYTON  (Family  Apocynaceao) 

The  Mexican  plant  Haplophyton  ciricidum  A.  DC.  was  stu^iiind,  "but  un- 
expected difficulty  was  encount'=red  in  is'^lctir.^  pv.y   constituent  of  ineecti- 
cidal  value.   Mannit^l  (Drake  and  Spies,  75)  an^  aue"brachite  (Clark,  2*^0), 
whic'n  ha'^e  no  insectici'^al  value,  wez^e  irientified  as  conscituents  of  the 
plant.   In  Mexico  the  pliant  is  uperl  for  c')m"batinp-  cockroaches  and  other 
household  insects.   It  is  planned  to  reexamine  this  plant. 

PHELLODSNDRON  (Family  Rutaceae) 

The  fruit  of  the  Amir  cork  tree,  Phallnden'^ron  amur^nse.  was  found 
to  "be  toxic  to  co'^linisr  moth  larvae  and  mosnuito  larvae  in  la'boratory  tests 
made  "by  ontomolo£*ists  of  the  Bumau.   A  chemical  st^idy  of  this  plant  is  "beln^ 
continued.   The  material  is  supplied  "by  th^^  Soil  Conservation  Service  of 
the  Department,  which  is  interested  in  ^rov/inp  the  tree  to  prevent  soil 
erosion, 

HELENIUM  (Fajnily  Compos itae) 

The  common  sneezeweed  of  the  Southern  States  knovrn  as  Helenium  autum- 
na.le  L.  has  "been  reported  to  have  sf^me  insecticidal  value.   A  very  "bitter 
compoxind,  helenalin,  v/as  isolrte'^  from  the  plant  (Clark,  31^)  ^■^'^-   studied 
in  the  hope  that  it  nipht  prove  ^n  accopta"blo  su"bstitute  for  the  quassin  of 
quassia  wood,  our  supply  of  which  is  all  imported.   Studies  on  several 
species  of  Helenium  are  "bein^  continued,  fro;n  three  of  which  a  new  "bitter 
compound,  toxic  to  fish,  called  tenulin  (Clark,  U56)  has  "been  extracted. 
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ANAMIRTA  (Family  Menispernaceae) 

Picrotoxin,  a  constituent  of  fish  "berries,  An?>riirta  cocculns  (L.) 
Wipht  &  Am.  ,  was  studied  and  pn  improved  method  for  its  extraction  described 
"by  Clark  (2^5)*   Picrotoxin  has  been  used  in  certain  proprietary  insecticides 
and  its  possibilities  for  insect  control  deserve  careful  investigation. 

ANABASIS   (Family  Chenopodiaceae) 

Attention  was  called  to  the  work  of  Russian  chemists  in  isolating 
snahasine  from  the  plant  Anabasis  aphylla  L.  and  to  the  identity  of  the 
profluct  neonicotine  synthesized  from  pyridine  and  this  alkaloid  (C.  R.  Smith, 
121,  127). 

The  physical  characteristics  of  natural  anabasine  v/ere  determined 
for  the  first  tine  by  Nelson  (229). 

Tests  upon  mosquito  larvae  by  Campbell,  Sullivan,  and  C.  R.  Smith 
(178)  shovrad  anabasine  to  be  less  toxic  than  nicotine,  but  tests  by  others 
upon  aphids  showed  ana.basine  to  be  superior.   Later,  anabasine  was  found  by 
us  in  th'^  southv/estern  American  plant  Nicotians  f lauca  R.  Grah.  (C.  R,  Smith, 
2U9) ,  an'^  it  may  be  possible  to  develop  a  commercial  supply  of  this  valuable 
insecticide  from  what  is  now  a  worthless  weed. 

MISC3LIANE0US  INSSCTICIML  PLANTS 

Lists  of  plants  reputed  to  have  insecticif^al  value  have  been  compiled 
by  Roark,  for  the  guidance  of  workers  in  this  field,  in  cooperation  v;ith 
Keenan  of  the  Food  and  Dru^  Administration  (9'+|ll?).   Tests  of  certain  plant 
extracts  ae;ainst  goldi'ish  were  reported  by  Spies  and  Drake  (I30,  173)' 

SYlviTH3TIC  ORGANIC  INSECTICIDES 

Except  for  a  fev/  compounds  used  as  fumi^ants,  organic  materials  of 
insectlcidal  value  wore,  until  recently,  all  of  natural  origin.   "Sxajuples 
are  nicotine,  the  pyrethri'ns,  rotenone,  petroleum  oils,  and  soaps.   Of 
these,  only  nicotine  has  been  synthesized,  and  the  resulting  product,  bein? 
a  racemic  mixture,  is  less  active  than  the  naturally  occurring  laevo-nico- 
time  and  is,  moreover,  m.uch  more  costly.   Balked  in  his  endeavor  to  synthe- 
size these  organic  insecticides,  the  chemist  has  prepared  compounds  of 
sim.pler  structure  but  which  contain  some  proupln,?  of  atoms  found  in  the 
more  complex  natural  product.   For  example,  the  nicotine  molecule  is  made 
up  of  a  pyridine  ring  and  a  pyrrolidine  ring.   Many  derivatives  of  these 
two  compound's  have  been  made  and  studied  for  insecticidal  action  but  only 
one  approaches  nicotine  in  toxicity. 

PYRIDINE  AND  PYRROLIDINE  DERIVATIVES' 

Among  the  derivatives  made  by  the  Division  of  Insecticide  Investiga- 
tions are'the  dipiporidyls  (13)  and  the  dipyridyls  (kl)   made  by  C.  R.  Smith 
and  the  three  benzylpyridines  (17)  and  various  'derivatives  of  pyrrolidine 
(18)  and  of  pyridine  (19)  made  bv  LaForge.   Richar^^son  and  Shepard  found 
that  of  these  compounds  the  only  one  of  outstanding  insecticidal  value  is 
beta-pyridyl-alpha-piperidine  reported  by  C,  R.  Smith  (33.  80,  88),  to  which 
the  name  neonicotine  was  given.  Later  the  opticall:,^  active  form  of  this 
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alkaloid  was  isolated  from  a  weed  "belon^iflp  to  the  gu^ar->;iet  family  (Cheno- 
podiaceae)  "by  "^.us^ian  chemists  and  dslled  Vy  thetn  anahasine  from  the  name  of 
the  plant,  Ah^^U^sis  aphylla  L.   (121^  127)  i 

THI0CYANAT3S 

The  hi.^h  insecticidal  value  of  the  vapors  of  the  readily  volatile 
organic  thicc-anat as  v;as  first  discovered  in  the  United  States  Department 
of  A^-ri cull  arc  (iTrliert  et  al. ,  U.  S.  Dept.  A^r.  Dept.  Bui.  I313,  192^^). 
Later,  one  of  the=se,  namely,  methyl  thiocyanate,  was  found,  "by  Lathrop,  Yust , 
and  Cuppl-?s  (2US,  258),  to  he  very  destructive  to  the  California  r^d  scale 
when  used  as  a  fumifP-ant,  "but  it  proved  to  "be  too  injurious  to  citrus  trees 
for  practical  use.   Followin~  this  lead  new  thiocyanates  nnd  also  isothio- 
cyanates  were  synthesized  (lUS,  312)  and  fo^ond  to  "be  hi^'^.ly  toxic  to  leold- 
fish.   There  are  now  marketed  as  insecticides  in  the  United  States  lauryl 
thiocyanate  (Loro),  various  thiocyano  derivatives  of  eth,\lene  (?lycol,  di- 
ethylone  frlycol  and  their  esters  and  ethers  (Lethanes),  and  also  naphth,vl 
iso thiocyanate  (Kesscocide) . 

KALOGSITATSD  ORGANIC  COMPOU^TDS 

Many  compounds  helonfin.'?  to  this  class  find  extensive  use  in  pest 
control.   Examples  are  carbon  tetrachloride,  ethylene  di chloride,  propylene 
dichloride,  p-dichloro "benzene,  and  chloropicrin. 

A  study  of  or£-anic  fumie-ants  "by  "Roark  and  Cotton  (5^)  led  to  the 
generalization  that  iodo-compounds  are  more  toxic  than  hromo-compounds  and 
these  in  turn  are  more  toxic  than  chloro-compounds.   Of  several  halO(?enated 
compounds  that  were  s:i'nthesized ,  two  were  deemed  sufficiently  insecticidal 
to  justify  patentinfi'  them  for  this  use.   These  two  compounds  are  iodonitro- 
"bPnzrane  (U.  S.  patent  2,110,^93,  I"  ^«  Smith  ,and  Clahorn)  and  p^ntaerythrityl 
hromide  (U.  S.  patent  2,lU0,USl,  Roso  and  Haller).   These  materials  are  "be* 
lieved  to  have  ^reat  possi"bilities  for  insect  control. 

Halopenated  azo  coT.pcunds  have  also  "been  patented  for  insecticidal 
use  "by  Vivian  and  Haller  (U.  S.  patents  2, 095, 939;  2,095,9^;  and  2,095.9^1). 

DIITITROPFEITOL  A:TD  L-^rjVATI^.^S 

The  hir^h  insecticidal  values  of  dinitrophenol  and  dinitro-orthocresol 
have  "been  loiown  for  some  time.   In  order  to  lessen  their  destructive  action 
on  plant  foliage,  which  restricts  their  use,  many  derivatives  have  "been 
studied.   One  of  these  contains  a  cyclohexyl  radical  in  th^  ortho  position. 
This  compound  is  now  on  the  market  and  has  "bet^n  widely  usf^d  in  California 
in  the  form  of  a  dust  made  "by  inprernatin^  walnut-shell  flour.   It  has  proved 
effective  there  for  com"batinr  the  citrus  red  mite  and  other  insects  and, 
during  1938,  700,000  pounds  of  it  were  applied  to  7,000  acres  of  citrus 
orchards. 

The  Division  <^f  Insecticide  Investifations  has  endeavrred  t'?  make 
dinitrophenol  and  its  al'cyl  derivatives  less  ph^vtocidal  "by  putting  substitu- 
ents  into  the  hydro xyl  radical  rather  than  in  the  rin^.   The  ethers  of  di- 
nitrophenol are  covered  in  U.  S.  patent  2,115,OU6  and  the  esters  in  U.  S.  . 
patent  2,127,690,  both  issued  to  L.  S.  Smith.   It  is  believed  that  the  com- 
pounds described  in  those  patents  have  insecticidal  possibilities  equal  to 
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those  of  the  dlnitrophen')!  '  derivatives  now  commercially  nvailablc.   In  labo- 
ratory tests  made  by  entomologists  of  the  Bureau  the  methyl  ether  of  dinltro- 
o-CT'^sol  was  very  toxic  to  irrosquito  larvpe  and  codlin,?  rnoth  larvae  and  the 
acetate  was  toxic  to  these  insocts  and  also  to  tobacco  hornworms. 

AZO  COMPOUITDS 

Several  azo  compmjinds,  whon  tested  by  cooperating  ^ntomolorists  of 
the  Bureau,  were  found  to  have  insecticidal  value,  and  their  use  for  this 
purpose  was  protected  by  8  patents  issue-^  to  Vivian  and  Haller  (U.  S.  pat- 
ents ?, 09^,831;  2.095.939;  2,095,9'^;  2,095.^^+1:  2,096,^1^;  2,110,296; 
2,110,897;  2,111,879)*   Some  of  these  aso  conpoun-ls  appear  pronirinr  for 
the  control  of  codlin,?  moth  larvae.   Accounts  of  their  toxicity  to  mosouito 
larvae  have  been  published  by  Fink  pt  al.  (303,  381). 

HETEROCYCLIC  COI^'OUITDS  CONTAINDTG  ]vTITHOa"53N  ATO/otr  storj-R 

Because  of  the  hi^h  insecticidal  value  of  certain  compounds  contain- 
ing nitroren  (e.£^.  ,  hydr0i?"en  cyanidr>,  nicotine,  anabasine)  or  sulfur  (e.p.  , 
carbon  bisulfide,  nercaptans,  and  disulfi^'es)  or  both  nitrogen  and  sulfur 
(e.^.  ,  thiocy-^iiates  and  isothiocyanates) ,  attention  was  directed  to  the 
preparation  of  other  corupounds  of  these  clashes.   The  correctness  of  this 
reasonin,?  was  proved  by  the  results  obtained  bv  Campbell,  Sullivan,  L.  ■^. 
Smith,  and  Haller  (233)  on.   testing  various  synthetic  organic  compounds 
against  mosquito  larvae.   Twenty-four  out  of  68  compounds,  mostly  sulfur 
compounds,  were  found  to  equal  or  exceed  nicotine  in  toxicity.   For  example, 
diphenylene  sulfide  killed  nearly  100  percent  of  the  larvae  in  5  hours  at 
1:200,000. 

A  list  of  orfanic  sulfur  compounds  used  as  insecticides  (?50)  was 
compiled  by  Roark  and  Busbey  for  the  benefit  of  investi^rators  in  this  field. 
Many  of  these  compounds  contain  nitroren  also. 

Phenothiazine.  —  This  hpterocyclic  compound  contains  both  sulfur 
and  nitroi^en  and  is  one  of  the  most  promising  synth^-tic  organic  insecticides 
that  has  been  developed  in  the  past  5  years.   It  was  reported  by  Campbell, 
Sulliv,an,  L.  3.  Smith,  and  Haller  (233)  to  be  even  more  toxic  than  rotenone 
to  mosauito  larvae,  beine-  very  effective  at  a  concentration  of  1:1,000,000. 
A^'ainst  codling  moth  larvae  in  laboratory  tests  re'^ortei''  by  Siei^'ler,  Mxinif^er, 
and  L.  "B.  Sinith  (26l,  295)  ^^   was  more  toxic  than  lead  arsenate.  A  rf=view 
of  tests  with  it  ae-ainst  many  species  of  insects  was  published  by  Ii.  ?]. 
Smith  (321).   An  application  by  L.  113.  Smith  for  a  patent  on  the  insecticidal 
use  of  phenothiazine  is  pendinr  in  the  United  States  Patent  Office. 

All  derivatives  of  phenothiazine  so  far  tested  have  little  or  no 
toxicity  to  insects  (Schaffer,  Haller,  and  Fink,  33I)  or  to  iPoldfish 
(Gersdorff  and  Claborn,  388) .   A  method  of  ana.lyzin.''^  commercial  phenothia- 
zine was  described  (L.  "i^).  Smith,  376),  an-^  the  ether-insoluble  material 
which  it  ordinarily  contains  was  shown  to  be  insecticidslly  woi'thless  (Ul2), 

Phenothioxin  (phenoxathiin) .  —  This  organic  sulfur  corapoun-^  is  re- 
lated to  phen-^thiazine,  the  NH  in  the  latter  bein?  replaced  by  an  oxyi^en 
atom.   In  laboratory  tests  made  by  several  enton'^loe-ists  of  the  Bureau, 
phenothioxin  was  as  effective  as  rotenone  against  mosquito  larvae  in  all 
concentrations  up  to  1:500,000,  and  aieainst  co'-^linr  moth  larvae  it  was  more 
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effective  than  lead  arsenate.   It  waS  also  effective  a^fsinst  houseflies 
when  dissolved  in  kerosene  snd  used  as  a  spray.  U.  S.  patent  2,0^9,725. 
issued  to  L.  S.  Smith,  covers  the  use  as  pn   insecticide  of  phenothioxin 
and  other  diaryl  thioxins. 

Dinethylacridan.  —  This  nitrogenous  compound  is  also  related  to 
phenothiazine,  the  sulfur  in  the  latter  hein^  repl/^ceri  hy  the'  (CF7)2C  proup. 
In  laboratory  tests  "by  Swingle  and  other  entomolOiP-ists  it  proved  highly 
toxic  to  mosquito  larvae,  cross-striped  cabhapc  w^rn,  cabhare  wehworm,  and 
cabbage  looper.   It?  insecticidal  use  is  protected  by  U.  S.  patent  2,099,326 
granted  Schaffer  and  Haller.   Dimethyl acrid an  is  now  manufactured  on  a  large 
scale  for  use  in  the  manufpcture  -^f  rubber  goods. 

Fhenazine.  —  This  differs  from  phenothiazine  in  that  the  sulfur 
atom  in  the  latter  has  been  replaced  by  another  NH.   Phenazine  looks  espe- 
cially promising  as  a  stomach  poison  to  insects,  laboratory  tests  by  Sief'ler 
with  codling  moth  larvae  shov;inr  it  to  be  more  effective  th^n  lead  arsenate. 
Phenazine  and  related  pyrazines  are  protected  in  IT.  S.  patent  2,110,'olU 
granted  Vivian  and  Ealler. 

Xanthone.  --  This  s'/nthetic  is  rt^l^ted  t'^  ^hen-^thioxin,  the  S  in 
the  latter  bpine-  replaced  by  the  CO  group.   It  has  b^i^n  tested  in  the  labo- 
ratory by  entomologists  of  the  Bureau  and  found  to  bd  toxic  to  several 
species  of  insects,  including  mosquito  larvae,  celery  leaf  tier,  "Suropean 
corn  borer,  cross-striped  cabbage  worm,  melon  worm,  southern  armyworm,  and 
others.   Of  es-oecial  interest  is  its  ef factiveness  against  codling  moth 
larvae  under  orchard  conditions  in  the  Pacific  Morthwest.   An  ap-rlication 
for  a  United  States  oat  ^nt  covering  the  usr  of  xanth'^ne  as  an  insecticide 
has  been  filed  by  L.  ■^.  Smith 

MISCELLAIT^.OUS  SYNTH15TIC  COMPOU!IDS 

Several  hundred  organic  compounds  have  been  synthesized  by  the  chem- 
ists and  tested  by  the  entomologists  of  the  Bureau  arainst  raosauito  larvae, 
codling  moth  larvae,  or  olher  insects.   Reports  of  these  tests  have  been 
published  by  Fink,  Si.^gler,  and  Mimger  in  cooperation  with  various  chemists 
(303,  30U,  312,  331.  5^/:  ^^1). 

A  method  of  preparing  ra-bromophenol  and  m-iodophanol  by  hydrolysis 
of  the  acetace  obtained  "by  the  action  of  acetic  acid  on  the  corresponding 
diazonium  borofluorides  (Ealler  and  Schaffer,  20U;  L.  S.  Smith  and  Hallar, 
k2k)   was  published.   This  method  of  mplacing  thp  diazo  group  by  th^  acntoxy 
group  is  capable  of  vride  application  (L.  'J'].  Smith  and  Halle",  207;  Claborn 
and  Haller,  339). 

A  method  of  preparing  the  drug  acetphenetidin  from  p-aminoacetanilide 
was  published  by  Haller  in  cooperation  with  Keenan  of  the  Food  and  Drug 
Administration  {22fi);    also  a  report  of  the  action  of  isobutylraagnesium 
bromide  on  3.'+»  5~'t^i^<5thoxyben2onitrile  (U58). 

Thp  commercial  position  in  193^  of  synthetic  orranic  compoun-^s  used 
as  insecticides  was  reviev;ed  by  Hoark  (U27).   Many  synthetics  are  used  as 
funip-ants  (e.g.  ,  ethylene  oxide,  meth.yl  bromide,  hydrop-en  cyanide,  paradi- 
chlorobenzen^) ,  but  only  a  few  as  contact  insecticides  (thiocvanates ,  iso- 
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thiocy?'nates,  rterivptlvep  of  djiiitrophenol  pnd.  of  c7;-cloh'^x7rlfiinine) ,  ar, 

storaoch  in?.?cticirlRp  (phrriothiflziiip') ,  or  ^s   n^pellpnt?  (tatrainntbyl  t'rinikm 

dipulfide).   Tho  history  and  principal  u?'=s  of  thr^sff  corpouni^p  wnrn  nis- 
cussed  "briefly. 

RELATI0IT3FIP  B^TVrilM  TOXICITY  AND  CfHCMIOAL  COFSTITUTION 

If  tho  relationship  "between  the  chemical  constitution  nnd  ph^/sical 
properties  of  organic  corapounds  and  their  to"^-icity  to  ir.sects  vere  under- 
stood, the  synthesis  of  potent  insecticides  wo\ild  "be  a  comparatively  simple 
matter.  Unfortunately,  oTfrqnic  coiapounds  are  hi'^hly  specific  in  their 
action  on  infects,  a.nd  a  naterial  ef'^ectiv^  a.?ainst  on-^  species  may  he  in- 
effective a. T.ainst  others..   Hotinone,  for  example,  which  is  very  toxic  to 
the  imported  cahha-A'e  v/ora,  Pier  is  rnpae  L.  ,  can  he  eaten  with  impunity  "by 
several  species  of  "borers.   Tli;;rs  is  no  vay  of  prerUctinf  such  difference 
in  behavior,  and  one  Cr.inot  finf"  an  insecticide  suitahle  for  codlinr  moth 
control  by  moans  of   tests  upon  aphids  or  houseflios,  or  even  upon  other 
kind.s  of  lepidopterous  larvae. 

When  diff ernnt  material:;  are  tested  upon  the  same  stag'e  of  tho  same 
species  of  insect  -onder  identical  conditions,  certain  relationships  "between 
toxicity  and  physical  and  chfmicaJ  c'n^^racteristics  are  ^lisoovered,  however, 
and  the  Division  of  Inr ^cticide  Investiffntiins,  in  cooperation  with  many 
entoinolo5"ists  of  tho  Bunaa,  ha,s  taken  mi   active  part  in  the  search  for 
such  relationships  and  has  "been  succ'sssful  t^  some  derree.   Several  instan- 
ces are  ^iven  in  the  section  en   synthetic  organic  insecticides. 

The  pro"blem  appeared  so  important  tho  Division  instituted  a  funda- 
mental investication  of  the  toxicity  of  oreianic  compounds  in  which,  because 
of  their  ease  of  handlin:?-  throu£-hout  the  year,  cheapness,  and  susceptibility 
to  poisons,  foldfish  are  used  as  the  test  ajiimals.  A  method  based  on  obser- 
vation of  survival  time  was  developed  (70)  and  te-^ted  throurhly  in  connec- 
tion with  a  study  of  the  photochemical  decomposition  of  rotenone  and  related 
materials  (l77);  very  definite  rel^^tionships  were  shown  amon^  the  hydro, 
hydroxy,  and  acetate  derivatives  of  rotenone  (2^3);  all  commonly  accepted 
meth-ods  of  calculating-  comparative  toxicities  of  substances  werei  considered 
(g6,  103",  17^>  1B9,  213,  25s,  270,  323.  335,  '+1^).  a-nd  a  new  criterion  of 
toxicity  vjas   developed  (2^7)  and  used  in  subsequent  work.   Realizr.i^  that 
a  fundamental  study  such  as  this  should"  be?in  with  the  simpler  corjf; -.uiiids , 
a  lonff-time  study  of  phenol  and  its  derivatives  was  beg-ion.   It  has  -j'-^en 
demonstrated  that  the  roT)lacement  of  the  ox;^fren  of  the  phenolic  n^~;:L.?us 
with  sulfvir  ^reatlv  increases  toxicity  (3^3'  ^15);  the  irtroduction  of  the 
nitro  proup  (kGo) ,    the  chlorine  atom,  and  the  bromine  atom  into  phenol 
showed  that  the  para  derivative  is  in  all  cases  the  most  toxic,  and  is 
appreciably  more  toxic  than  phenol.   The  fish  tests  have  also  been  used  to 
demonstrate  the  superiority  of  optically  active  compounds  over  optically 
inactive  ones,  as  exemplified  by  the  dihydroderuelins  (270):  and  also  have 
been  employed  in  the  comparison  of  nicotine  ^'nd  anpbasino  (189)  and  in  the 
study  of  the  relationships  between  phenothiazine  and  its  oxidation  products 
(38S).   All  the  tests  with  goldfish  have  been  conducted  by  W.  A.  Gersdorff, 
and  -most  of  the  publications  cited  are  his. 

In  cooperative  studies  to  ascertain  the  relationship  between  chemical 
constitution  and  toxicity  to  codlinfi*  moth  larvae  a  number  of  halogen  and 
nitro  compounds  of  benzene  were  investigated  by  Sief^ler,  Hunger,  and  L.  15. 
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Smith  (^35)-   Neither  fluoro-,  chloro-,  "bromo-,  iodo- ,  or  nitrobenzene,  nor 
the  fluoro-  or  chloronitrobenzenes  (ortho,  meta,  and  para)  were  toxic.   Of 
the  "bromo-  and  iodonitrobenzenes  the  para  derivative  was  the  most  toxic. 
None  of  the  dih?lo?en?tod  (dichloro,  dibrono,  and  diiodo)  benzenes  wps  toxic, 
and  of  the  dinitrobenzenr s  the  seta  isoner  is  much  nore  toxic  th^n  the  other 
two.   It  was  concluded  that  th'^  data  obtained  indicate  no  marked  correlation 
between  either  thp  ^roupin^s  involved  or  their  relative  position  with  rep-ard 
to  their  toxicity  to  the  codlinf  moth  larvpe. 

INORP.AinC  IITo^CTICIDES 

At  present  the  control  of  injurious  insects  is  lar^rely  acconplished 
by  the  application  of  inorf^'pjiic  insecticides,  and  this  practice  will  con- 
tinue until  suitable  orr:anic  mat-srials  can  be  developed.   Because  organic 
insecticides  are  specific  in  their  action,  v/hereas  inorganic  insecticidps 
such  as  the  arsenicals  are  effective  aiS-ainst  a  wide  ranfe  of  pests,  it  will 
be  a  long  tl7\e   before  the  latter  are  displaced,  and  so  Ion?  as  they  are 
used,  any  infornation  that  v/ill  lead  to  a  better  knowledif?e  of  how  to  use 
them  is  of  benefit.   The  Division  of  Insecticide  Investi,?ations  has  nad-e 
important  additions  to  the  fund  of  information  concernin.f?-  many  of  the  in- 
orf'anic  insecticides,  which  will  be  briefly  described  in  the  sections  that 
follow. 

The  arsenicals  continue  to  be  the  most  important  ^roup  of  inorpanic 
insecticides,  and  several  of  these  have  been  investigated. 

LEAD  ARSENATE 

More  than  ^+0  million  pounds  of  this  arsenical  are  used  annually  in 
the  United  States.   The  principal  advances  made  in  our  knowledge  of  lead 
arsenate  relate  to  its  distribution  on  sprayed  fruit  and  its  removal  there- 
from, and  are  the  result  of  cooperative  studies  by  chemists,  ent'^molopists, 
and  horticulturists.   These  aspects  are  discussed  in  tiie  section  on  spray 
residues.   Certain  compatibility  studies  have  been  raa.d'^,  however,  by  Murray 
concerning  its  use  with  oil  emulsions  (lUl^  and  spreaders  (15^).   The  rela- 
tive efficiency  of  various  spray  schedules  usin,?  lead  arsenate  has  also 
been  investigated  by  Steiner,  Sazama,  Fahey,  and  Rusk  (301).   Recently  a 
survey  has  been  made  of  all  the  lead  arsenates  on  the  market  \"rith  respect 
to  particle  size.   A  study  of  the  ar.esti':^n  -f  the  use  -^f  lead  arsenate  in 
s^ils  to  control  the  Japanese  beetle  ,?rab  led  to  the  discovery  by  Mell  that 
preensand  marl  ajid  liraonito  bo'-.h  havp  practical  -^alne  in  counteracting-  the 
phytocidal  action  of  the  arsenic. 

CALCIUM  ARSENATE 

Commercial  clcium  arsenate,  -^f  v/hich  r^vnv  kO   million  pounds  are 
used  annually  for  insecticid^l  purposes,  is  n'^t  a  simple  chemical  but  a  com- 
plex and  variable  nixture.   Usinp*  a  nethod  for  determininj?  free  lime  in  it, 
which  was  developed  in  192U  bv  C.  M.  Smith  (ind.  <?•  '^r.    Chera.  1'^:  9^0.  19?'+), 
the  Division  has  made  two  surveys  (Smith  and  Murray,  91;  Nelson  and  Cassil, 
J)hh)    of  all  the  products  on  the  American  market  anf^  demonstrated  that  very 
preat  chemical  differences  exist  between  materials  which,  by  th^  ordinary 
methods  of  control  analysis,  appear  identical.   A  survey  '>f  the  physical 
characteristics  of  commercial  calcium  arsenates  was  made  by  Goodhue  (3^3) 
which  eave  quantitative  data  fnr  the  first  time  concerning  the  larfre  diffpr- 
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ences  in.  particle  ?ize  which  exist  arnon,e  them.   In  the  course  of  this  wor> 
an  actual  chenical  ssparation  was  accomplished  "by  me?»ns  of  a  nechpnicpl 
clnssifler  (G-oodhu<=!  and  Csssil,  3'^^) »  confirming  the  complexity  mentioned 
a"bove.   A  phaser- rule  study  of  the  calcium  arsenate  sy?ten  by  Helson  of  this 
Bureau  and  Ha,.rin^  of  the  University  of  Maryland  (3^3'*  added  to  our  informa- 
tion on  this  important  insecticide.   A  nev;  chloronrsenate- of  calcium  (26H"^ 
was  prepared  "by  C.  M.  S-aith.   A  nev:  process  for  preparing  calcium  arsenate 
was  developad  "by  means  of  which  the  composition  can  he  more  definitely  con- 
trolled .'ind  the  solubility  Vept  low  (^Telson,  US2.) . 

The  effects  of  heat  treatm-^nts  of  somp  calcium  arsenates  on  their 
toxicity  to  silkworms  and  "bean  plants  was  reported  on  "by  Bulr'^r  and  TTelson 
(U7U)  in  IQ39. 

Four  hydrous  calcium  arS'-^nates  of  typic^-lly  different  composition 
were  ignited  to  produce  the  corresponding  anhydrous  preparations,  ajid  eip-ht 
portions  of  a  sample  of   commercial  tetracalci^ora  arsenate  were  a.utoclaved  or 
treated  with  dry  heat.   A  portion  of  ep^c^.   preparation  was  then  fed  to  sillj:- 
worm  larvae,  Pon.hyx  mori  L.  ,  "by  the  snnrlwich  method,  and  their  toxicity 
determined  in  terms  of  the  median  lethal  dosage  ran^e.   Plant  tolerance  of 
these  calcium  arsenate  preparations  was  determined  "by  ap'olyinc'  them  to  "bean 
foliage  in  the  .^re^nhouse  and  estinatin?  the  derre'^  of  foliage  destniction. 

All  thp>  hydrous  calcium  ars'^'nates  were  fairly  toric  to  silkworm 
larvae.   Monocalcium.  and  dica.lcium  arsenates  were  the  most  toxic  and  about 
equal  in  toxicity,  notwithstandine-  the  fact  that  the  amounts  of  soluble 
arsenic  present  were  ^reatl:;-  different.   Tric^lcium.  and  tetracalcium  arsen- 
ates were  only  about  half  as  toxic  as  the  monocalcium  and  dicalcium  com- 
pounds.  The  anhydrous  form  of  each  com.pound  tested  was  nontoxic  to  the 
extent  that  v/hen  laree  doses  were  fed  (12  to  ^0   times  the  M.  L.  D.  for 
hydrous  forms)  no,  median  lethal  dosae-e  raniee  v/as  established. 

In  fieneral,  i/^nition  decreased  the  percr^ntae"e  of  soluble  arsenic 
present.  .Hox^ever,  there  does  not  appear  to  be  any  appreciable  correlation 
between,  the  percentage  of  soluble  arsenic  as  determined  by  the  Association 
of  Off icial.  Agricultural  Chemists  method  and  the  toxicity  to  insects  or 
plants,  ' 

Heat  treatments  of  calci-am  arsenate  sufficiently  severs  to  make  the 
product  relatively  safe  to  bean  fbliare  likevrise  make  it  nontoxic  to  silk- 
v/orm  larvae.   The  fact  that  autoclavihr  at  100°  C.  for  1  hour  does  not  des- 
troy the  toxicity,  whereas  the  same  treatm.ent  for  3  hours  produces  a  rela- 
tively nontoxic  tetracalcium  arsenate,  sufi£-'='sts  that  the  toxicity  balance 
of  such  a  calcium  arsenate  is  rather  delicate  and  indicates  that  ^reat  care 
should  be  exercised  in  its  preparati'^n  if  the  t'^ricity  is  to  be  maintained. 

Dr^.'  heatine:  at  controlled  temperatures  d-t^es  not  affect  the  toxicity 
of  tricalcium  arsenate  so  readily  as  that  of  tetracalcium  arsenate. 

PARIS  GESEN  A1>^D  HOMOLOGS 

Paris  ^reen  is  used  ^to  the  extont  -^f  about  3,^0^,000  potrnds  annually, 
In  1S3"''  the  Division  rep"'rted  a  survey  of  all  the  ^repns  on  the  American 
market,  both  as  to  chemical  compositi-^n  (Teprborn,  J,^l)    and  pnrticle  size 
distribution  (Goodhue  and  Golden,  3^3).   The  latter  constituted  the  first 
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»vaila"ble  information  of  this  kind.  Deartorn  also  (discovered  that  other 
acids  than  acetic  acid  were  cspahle  of  formin,?  conplex  compounds  vith  copper 
arsenite  similar  to  paris  green,  and  T.ethodp  w^re  developed  for  prod-acin,? 
such  honologs  from  the  lovrer  and  higher  nen'bers  of  the  acetic  acid  series 
(260,  285),  from  the  menhers  of  the  oleic  and  linoleic  acid  series  (32U), 
and  from  the  acids  contained  in  vaT-ious  other  animal  and  vegetahle  oils 
(369).   Some  of  these  greens  have  insecticidal  power  superior  to  that  of 
paris  frreen  and  at  the  same  tine  are  less  injurious  to  plants.   Threp  pat- 
ents covering  them  have  "been  grpiited  Deartorn  (U.  S.  patents  2,080,00U; 
2,10U.58U;  2,127,330). 

Reeves  of  the  Bureau  of  Plant  Industry  and  Yothers  ajid  Murray  of 
this  Bureau  (U66)  in  1939  reported  that  when  mixed  with  vegeta"ble  oils  and 
applied  as  wound  dressins-s  to  apple  trees  to  prevent  the  aphid  infestation 
that  is  responsihla  for  the  growth  of  perennial  canker,  the  stearo-,  palmito- 
and  lauro-arsonites  of  copper  permitted  the  fungus  to  advajice  into  tissue 
containing  a  total  average  of  2^^   parts  per  million  AsgO-r. 

OTHER  ARS3NICALS 

Dearborn  examined  all  the  brands  of  magnesium  arsenate  (71)  end  of 
manganese  arsenate  (63)  on  the  American  market,  and  compiled  the  informa- 
tion, both  chemical  and  insecticidal,  which  has  been  published  concerninr 
these  two  insecticides  (Ull  and  337«  respectively).   Magnesium  arsenate 
was  at  one  time  rf  particular  importance  as  the  only  recognized  means  of 
controlling  the  Mexican  bean  beetle,  and  the  proprietary'-  insecticide 
Manganar,  promoted  as  a  substitute  for  lead  arsenate,  contains  raangan-^se 
arsenate. 

FLUORIDES 

The  Division  was  among  the  first  to  recognize  the  possibility  of 
finding  acceptable  horticultural  insecticides  anong  the  compounds  of  fluor- 
ine, one  member  having  been  gr^^nted  a  patent  on  the  subject  in  192"=;  (Roark, 
U.  S.  patent  1,52^,88U).   The  possibilities  of  almost  all  available  fluor- 
ine compounds  were  surveyed,  and  their  ins'^cticid-*=>l  properties  called  to 
the  attention  of  the  public  (Carter,  5*5)  •   llewcomer  ?^r\di.   Carter  (201)  re- 
ported studies  of  fluorine  co^^pound?  for  controlling  the  codlinr  moth. 
Special  attention  was  given  to  the  f luoaluninat.^s  (68),  of  which  cryolite 
is  one.   The  solubilities  of  numerous  fluorides  anJ  flnosilicat'=»s  were 
determined  for  the  first  time  by  Carter  (22,  67);  and  the  relative  toxi- 
city as  stomach  poisons  to  insects  of  some  of  them  wns  measured  by  Shepard 
and  Carter  (19?).   The  compatibility  of  f luosilicates  and  of  cryolite  with 
arsenical  compoun'^s  was  demonstrated  (38),  and  the  incompatibility  of  all 
fluosilicates  with  lime  (97)  and  of  barium  fluosilicate  with  nicotine  sul- 
fate (1S7)  was  pointed  out,  also  by  Carter.   Two  sun'eys  of  the  fluorine 
compoTinds  on  the  American  market  were  made  (Carter  and  Roark,  21;  Carter, 
156),  and  the  attention  of  entomnlo^i'ists  was  drav.n  by  Carter  to  the  f^ct 
that  the  product  commonly  called  by  them  calcium  fluosilicate  is  not  actual- 
ly that  (IU6).   A  review  giving  all  available  references  to  the  insecticid- 
al uses  of  fluorine  compounds  was  prepared  by  Carter  and  Busbey  (3II,  ^3?^- 
Three  patents  for  the  pi-eparation  of  insecticidal  compounds  of  fluorine 
have  been  rranted  Cart'er  '(U.  S.  patents  l,8l42,UU3;  1,8(^3.266;  1,863,519). 

Because  cryolite  has  become  the  most  important  of  the  fluorine  com- 
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pounds  used  as  agricultural  insecticides,  a  special  study  was  ma^e  in  1939 
of  all  cryolite  materials  offered -for  insec.ticidal  use.   The  fluorine  con- 
tent of  18  samples  of  cryolite,  comprisinisr  natural,  synthetic  (donr^Ftic  »nH 
imported),  and  diluted  materials,  ..was  determine'^,  and  the  e^uival-pnt  con- 
tent of  sodium  fluoaluminatf^  calcvrlated.   Sampl'^^:  of  domestic  srmthptic 
origin  showed  pn   average  of  82.8  pprcent  sodium  f luoaluminato,  samples  of 
foreign  synthetic  origin  Pi. 3  percent,  and  samples  of  natural,  origin  38.2 
percent.   Dustin,?  materials  showed  different  sodium  f luoaluminate  content, 
depending  on  the  amount  of  diluent  added. 

Solubility  determinations  were  made  on  all  samples  "by  two  methc^s,, 
(l)  chemical  analysis  and  (2)  evaporation  and  vreirhin.D-  of  the  residues. 
Results  "by  the  two  methods  were  in  agreement.   The  solubilities  of  the 
three  classes,  synthetic  domestic,  synthetic  imported,  and  natural,  were 
very  nearly  the  same  and  in  close  agreement  with  the  solubility  fip-ure  for 
cryolite  as  reported  in  chemical  handbooks  (Carter.,  Uf^3). 

MERCURIC  CHLORIDE 

This  compound  has  been  used  for  the  control  of  rladiolus  insects, 
in  thR  form  of  a  dilute  solution  as  a  dipping  bath  for  the  corms.   Cassil, 
in  cooperation,  with  R.  F.  ITfilson  of  th'^  Division  of  Truck  Crop  an^  Garden 
Insect  InvTsti|?ations,  demonstrated  for  the  first  time  that  .the  cprms  ad- 
sorb the  chemical  from  solution  and  thereb;/  reduce  th^  concentration  to 
about  half  of  that,  necessary  for  control,  which  is  of  rreat  import^nc--^, 
considering  thn  prf^ctice  of  usin,?"  the  same  solution  for  several  lots  of 
corms. 

COPPER  COMPOUNDS  '    .       " 

The  compo-onds  of  copper  ere  primarily  funricide?,  but  havp  certain 
insecticidal  properties  as  well.   Our  work  h^s  resulted  in  a  better  under- 
standing of  the  basic  sulfates  of  copper  (Nelson,  14),  which  are  the  prin- 
cipal constituents  of  bordeaux  mixture,  and  cooperative  experiments  v/ith 
Leukel  of  the  Bureau  of  Plant  Industry  shovred  that  amon^  all  the  copper 
compounds  studied,  the  basic  sulfate,  the  basic  carbonate,  and  compounds 
of  aniline  with  copper  sulfate  and  vith"  copper  chloride  were  most  ser- 
viceable in  controllin-^-  stinkinr  smut  of  wheat  (36U)..   The  copper-aniline 
corapounr!?  were  riven  their  first  trial  as  fune-icif^es  in  these  experiments. 

Commercial  copper  funricides,  consisting;  essentially  of  copper  phos- 
phate, copper  oxychloride,  copper  zeolite,  basic  copper  sulfate,  an'^  a 
copper-zinc  compound,  were  found  to  affect  a^^versely  the  toxicity  of  the 
tank-mix  nicotine  bentonite-soybean  oil  use^^  successfully  in  Indiana  for 
cc^linp-  moth  control.   These  copper  c.ompound.s  also  p'^o'^uced  very  serious 
foliage  injury  and  reduced  the  resistance  of  the  nicotine  deposits  to  the 
weatherin,r  effects  of  heaw  rains  (Steiner  and  Fahey,  U5I).   There  is 
preat  need  of  funf'ici'^es  that  are  ^compatible  ,y.'ith  nicotin^-^  bentonite.  . 

SULFUR 

Because  of  the  crreat  effect  that  particle  size  has  on  the  efficacy 
of  dustinf'  and  sprayin,?  sulfurs,  a  survey  of  UU  products  typical  of  those 
on  the  America.n  market  was  made,  and  for  the  first  time  a  clear  picture 
was  piven  to  entomolorists  .of  the  isreat  ranpe  of  average  particle  size 
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('Nver  10  tines)  which  mny   "bd  end^Ulltered  in  Insecticidal  sulfurs  (Gr»»dhue, 
39b). 

SPnAY  RSSmUES  ■ 

The  Division  ^f  Insecticide  Investigations  has  "been  prominently 
identified  with  the  spray-re?idue  protlen  almost  from  its  "beg-inninp  in 
1925.   In  that  year  Snp-land  placed  an  embargo  on  all  apples  from  the  United 
States  that  contained  more  than  0.01  grain  of  arsenious  oxide  per  pound. 
C'>ntrol  of  the  codling  moth  in  the  Pacific  Northwest  required  the  use  of 
so  -iuch  lead  arsenate  spray  that  the  residue  at  harvest  invariably  amounted 
to  more  thAn  this,  and  in 'order  to  save  the  export  business  in  apples 
(amounting  to  7.093,000  barrels  for  the  year  ending  June  1927)  it  became 
necessary  to  study  means  of  keeping  the  residues  cio\-n.i   and  of  removing'  those 
which  could  not  be  avoided.   In  1<^2S  the  Division  establifshed  a  field  sta- 
tion at  Yakima,  Wash.,  in  conj^anction  with  the  Bureau's  fruit  insect  field 
station  there.   Later' that  ye'^r  t/he  chemical  work  was  transferred  to  Wenat- 
chee ,  Wash.,  and  in  193"^  it  was  again  placed  in  Yakim.a.   Work  was  done  with 
cooperating-  entomolorists  to  imp-^ove  sprayin^o-  schedule?,  and  v^ith  cooperat- 
ing' horticulturists  of  the  Bures?u  of  Ilant  Industry  to  develop  fruit -washing 
procedures  effective  in  meeting  the  arsrenic  tolerance  established  by  the 
Department  of  Arriculture.   When  in  1933  t^-*^  Dep'^f^tment  established  a  toler- 
ance for  lead,  it  necessitated  a.  renewed  stii-^y  of  lead  arsenate  residues, 
and  the' establishment  of  a  tolerajice  for  fluorine  in  1*^3^  reauired  an  ex- 
tension of  our  work  to  include  that  element. 

Every  year  thousands  of  analyses  nf  washed  and  unwashed  samples  of 
apples  have  been  made  both  at  Yakina  and  at  Washin^-ton,  D.  C.  ,  to  determine 
the  efficacy  of  various  washing  solutions  in  removing  residues  of  Ipad  .ar- 
senate.  The  results  of  these  tests,  which  were  carried  on'  cooperativi=»ly 
with  Diehl,  Rysll,  Smith,  and  Hall^r  of  the  Bureau  of  Pl^nt  Industry,  Beau- 
mont of  the  University  of  Maryland,  Gould  of  th^  West  Vir^rinia  Agricultural 
Experiment  Station,  and  Newcomer  of  this  Bureau,  have  been  published  in' a 
series  of  articles  (32,  39,  72,  SI',  1S3 .  136,  212,  225,  2^2,  ^JS,    39S) ,  and 
two  patents  coverine  processes  of  washing  arsenical  residues  from  apples 
have  been  obtained  (Robinson,  U.  S.  patents  1, 88^,966  and  1,885,100).   At 
the  same  time,  the  influence  of  fish  oil,  mineral  oil,  and  other  supplemen- 
tary materials  upsn  the  magnitude  of  the  rf^sidues  at  harvest  were  studied 
and  described  in  cooperation  with  Diehl,  Rvall,  and  Haller  of  the  Bureau  of 
Plant  Industry  and  Beaumont  of  the  University  of  Maryland  (lU2,  153 1  1^3 , 
252). 

The  effect  of  apple' growth  and  of  weathering  in  alterinp-  dejjosits  of 
lead 'arsenate  throughout  the  growinr  season  was  determined  by  Carter  arid 
Newcomer  (136). 

Experiments  were  undertaken  in  southern  Indiana'  by  Fahey  in  1^^35  and 
1936,  in  cooperation  with  Steiner  and  associates  of  the  Division  of  Fruit 
Insect  Investigations,  to  detorminp  the  extent  of  decomposition  of  lead 
arsenate  spray  residues  on  apples  as  measured  by  their  ratios  of  lead  to 
arsenious  oxide.   The  residues  were  analyzed  immediately  after  the  various 
cover-spray  applications  and  again  after  the  residues  had  weathered.   A 
t«tal  of  2U8  samples  of  apples  and  apple  folia/?e  were  used.   The  avpraiP-e  •-■  * 
ratio  of  le?)d  to  arsenious  oxide  in  these  samples  did  not  vary  significantly 
from  that  in  the  ori/?inal  spray  material,  and  samples  taken  immediately 
after  spraying  showed  no  significant  difference  from  those  taken  after 
weathering.   The  slirht  variations  between  the  ratios  are  in  reality  the 
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combined  analytical  errors  of  the  methods  of  repidue  analysis.   The  hi,?h 
ratios  ohtained  "by  early  investiip-^tors  are  duo,  prohahly,  to  in^deqi.if>tp 
samples  or  to  iinrelia'ble  methods  of  analysis  (U}"^). 

In  cooporption  vith  Hpllor  of  thn  ?i-,rean  o"^  Plant  InHu-'tr:'  and  O-ould 
of  the  West  ViriPinip,  A^riculturrl  T^xDorimi^nt  Station,  th-^  varinhility  of 
residues  of  lead  arsenptf'  within  individual  sprpy  treptra^ntF  wps  investi- 
fated  (Uo,  3?5.  359)  in  order  to  determine  the  procedure  necessary  to  ob- 
tain adequate  samples  in  all  investijatioral  work.   As  the  result  of  co- 
operative work  with  Wichmann  and  associates  of  the  ?ood  and  Drur  Adminis- 
tration, improvements  have  "been  raarie  in  the  analyticnl  procedure  for  lead 
(208).   Methods  for  the  determination  of  arsenic  (Ug,  k^ ,    l68,  I96,  also 
unpublished  recent  work)  have  also  been  improved. 

Parallel  with  the  work  on  residues  of  lead  arsenate,  similar  studies 
have  been  carried  out  by  Carter  on  fluoride  resid'Tos,  mostly  residues  of 
cryolite  on  apples  (15^.  22o,    2^7) »  ?'nd  three  patents  covering:,  new  vmshinf! 
solutions  especially  adapted  for  cryolite  removal  were  granted  to  him 
(U.  S.  patents  2,0^6,5^:0;  2,cUb,5U7;  Z,OhG,^h'^). 

The  Division  hns   continually  kept  \n   mind  the  necessity  of  studying 
residues  of  other  materials  for  which  no  tolerances  have  been  established. 
In  this  work  the  methods  to  be  used  in  determining  the  residues  have  had  to 
be  developed,  as  described  in  the  section  on  analytical  investigations. 
The  influence  of  the  characteristics  of  oil  emulsions  upon  the  a:nounts  of 
oil  deposited  was  shown  by  studying  the  oil  residues  (Cressman  and  Dr>wsey, 
22U) ;  the  remov.^l  of  nicotine  bentonite  residues  from  apples  hps  been  shown 
t«  be  easily  accomplished  (?phoy,  Rusk,  Steiner,  and  Sasama,  ^7);  and  the 
presence  of  lead  ?>nd  arsenic  in  various  farms  of  tobacco,  and  of  arsr-nic  in 
the  smoke  therefrom,  has  been  studied  {?^^,    30^)-   •A-n  exhaustive  study 
(awaitin:?  publication)  of  the  derris  residues  on  cabbag-e  has  been  mader'^ivln,? 
the  only  data  available  on  this  important  pubject.   The  entomologists  of 
the  Bureau  have  been  riven  the  results  of  oar  determirations  of  residues  of 
phenothiazine  on  cherries,  sulfur  on  citrus,  tartnr  er.atic  on   citrus,  borax 
on  rice,  etc.  ,  all  of  which  are  of  fresb  i.a^'ortp.nce  to  t]-iem  in  shaping-  their 
sprayin;?  an.d  dustinr  programs.   A  study  by  I'lurray  pnd  Hyall  (U3U),  reported 
in  Juno  1939'  showed  that  phcnothiazine>  spray  residues  on  apples  in  amounts 
up  to  0.060  ^rain  per  pound  may  be  rea'dily  reduced  to  0.01  f-rain  per  pound 
or  less  with  present  v.'ashin.fr  equipment  and  solutions  (e.r.,  1.5  percent  ECl 
at  110''  F.  for  30  seconded. 

A  method  was  described  for  sprpyin^  paraffin-coated  mica  plates  with 
oil  emulsions  and  determining  the  nuanti-^ies  of  oil  deposited  by  difference 
in  vreiip-ht  (Dav/sey,  Cressman,  and  Hiley,  33^)*   Comparison  between  the  quan- 
tities of  oil  deposited  on  the  paraffin  surfaces  of  the  plates  and  those 
deposited  on- chrysanthem-im  foliae-e,  as  determined  by  chemical  analysis, 
showed  that  various  emulsi:>ns  ^ive  different  ratios  of  plant  dr;posit  to 
plate  deposit.   It  is,  therefore,  not  practical  to  attempt  to  standardize 
the  sprays  intended  for  the  plant  surfaco  a^rainst  the  plat?  surface. 

The  development  by  Dawsey  and  coworkers  of  analytical  methods  for 
accurately  determining  residues  of  petroleum  oils  on  leaves  (161,  292,  3"''!) 
enabled  studies  to  be  made  of  the  relption  between  oil  deposit  and  insecti- 
cidal  efficacy  (Cressman  and  Dawsey,  299)-   The  comparative  insecticidal 
values  of  three  petroleum  oils  vrith  6,  16,  and  33  percent  by  volume,  re- 
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spectively,  of  sulf onata"ble  material  ^-'ere  invest iiP-ated  in  laboratorv  ajid 
fifild  sprayine-  tests.   The  oils  vers  applied,  in  the  form  of  emulsions  con- 
taininfi-  from  0-9  to  2  percent  of  oil,  sodium  oleate  soap  beinr  used  as  the 
emulsifler,  to  casiiphor-tree  plajits  and  trees  infested  with  the  comphor 
scale.   The  other  characteristics  of  the  different  oils  vere  substantially 
the  sane,  so  an,^'  detecta'^le  differences  in  scale  nortality  could  "be  due 
enly  to  differences  in  the  sulfonatable  portions,   tfhen  spra.vs  which  ^ave 
eausl  oil  deposits  v;ere  compared,  the  variations  in  mortality  appeared  to 
"be  entirely  random,  and  no  differences  were  found  which  could  be  attributed 
to  the  sulfonatable  content  of  the  oils.   Analyses  of  the  oil  deposits  left 
by  sprays  shov/ed  that  substantially  equivalent  deposits  were  obtained  when 
equal  concentratiors  of  the  different  oils  v;ere  applied.   In  the  laboratory 
tests  the  oil  deposits  produced  were  independent  of  the  sulfonatable  con- 
tent of  the  oil  but  varied  directly  with  the  oil  content  of  the  spray. 

The  chemlcel  methods  of  studyinfi-  codling  moth  insecticirles  at  Vin- 
cennes,  Ind.  ,  vrere  described  in  1939  under  the  title  "A  field  method  for 
the  chemical  evaluation  of  spray  deposits  resulting-  from  the  application  of 
insecticides  for  control  of  the  codling  moth"  by  Fahey  and  Rj.sk  (^71).   The 
methods  of  sampling  and  chemical  analysis  are  described  for  residues  of 
lead,  arsenic,  nicotine,  pnd  phenothinsine.   The  we^the^in^  of  residue  de- 
posits and  the  relr-tions'^^ip  cf  rosic^Txr-s  to  area  of  fruit  are  discussed. 

"Fahey,  Rask,  Steiner,  and  Sa.zajna  (^75)  in  1<^3^  reported  '>n  the  ease 
of  residue  removal  from  late  and  early  spray  applications  of  lead  arsenate 
to  apples,   "^pra^^  schedules  desi?"ned  to  permit  such  a  comparison  were  ap- 
plied in  experirr:en"pl  apple  orchards  near  '''incennes,  Ind.   Samples  of  fruit 
from  the  sprayed  plots  were  washed  with  h^vdrochloric  acid  solutions,  and 
analyses  were  mads  for  lead  residues  before  and  a.fter  washing. 

The  rv-sidue  load  at  harvest  from  a  £-iven  number  of  le^d  arsenate 
sprays  increpses  as  the  time  of  spray  application  appropch^^s  harvest  tim.e; 
thus,  a  final  cover  spray  of  lead  arsenate  may  leave,  at  harvest,  a  residue 
load  eaual  to  that  resulting'  from  four  first-brood  sprays.   The  residues 
from  sprays  applied  in  the  second-brood  period  are  more  easily  removed  by 
washing  than  are  residues  from  the  same  number  of  the  sax;e  sprays  applied 
durin^e  the  first-brood  period.   The  use  of  oil  adhesives  with  or,panic  in- 
secticides, in  second-brood  sprays,  mr>kes  the  residue  cf  lead  arsenate  from 
first-brood  sprays  «s  difficult  to  remove  as  are  residuer  from  lord  arsenate 
used  throuf-hout  the  season. 

A  dicrest  of  the  literature  throurh  l'"'3'+  rf^latir^  to  insecticidal 
spray  residues  (U3I)  v/as  issue  i  by  Pusbey  early  in  1^<39' 

Fl^MIGANTS 

From  its  creation  in  1*^27.  the  Division  of  In-ecticide  Investiga- 
tions has  been  active  in  the  study  of  fumi^ants.   In  coeperation  with  ento- 
mol-^^ists,  it  tested  several  hundred  organic  compounds  (Roark  and  Cotton, 
5U)  in  an  endeavor  to  find  substitutes  for  the  danrerously  inflammable  and 
eyplosive  carbon  disulfide.   As  a  result  several  new  fumii?ants  now  in  com- 
mercial use  were  discovered,  such  as  methyl  and  ethvl  formates  (S) ,  ethvlonc 
dichloride  (2),  propylene  dichloride  (6),  and  ethylene  oride  (16).   These 
are  discussed  below  in  detail.   The  hiiP-h  insecticidal  value  of  the  vapors 
«f  other  compounds  was  also  discovered,  for  example,  those  of  chloroacetates 


(U.  S.  patent  1,7^9,322)  and  other  haloe-enated  fatty  esters  (11).   These 
discoveries  were  all  made  jointly  with  R.  T.  Cotton. 

The  UFe  of  carbon  dioxide  to  increppe  the  insecticidal  efficacy  of 
fumi^ants  wae  discoverstd  by  Cotton  and  Younp-  (30),  and  mixtures  of  carbon 
dioxide  with  ethylene  ovide  and  with  methyl  formate  havp  been  marketed  for 
use  as  f^omirants.   Back,  Cotton,  Younff  and  Cox  (f^U)  described  the  use  of 
the  ethylene  oxide-carbon  dioxide  mixture  for  treating  stored  ^rnin. 

In  cooperation  with  the  Division  of  Fruit  Insect  Investigations  many 
orf'snic  compounds  v;ere  tested  for  toxicity  upon  the  California  red  scale 
(Cupples,  Yust,  and  ^^iiey,  29^)  in  an  effort  to  find  substitutes  for  hydro- 
fen  cyanide.   Methyl  thiocyajiate  ^.Lathrop,  Cripples,  Filey,  and.   Yust,  2SU) 
proved  toxic  to  the  scale  but  was  also  injurious  to  citrus  trees.   The 
"interval  shootin<fr"  or  pieceme'^1  application  -^f  hydrogen  cyanide  in  citrus 
orchards  v;as  discussed  (Cuppler,  172),  Pixd.   the  Istest  developments  in  the 
fumigation  of  mushroom  houses  with  sulfur  dioxide  (Davis  and  Younr,  2l6, 
2kf>)    and  with  h^'drof'en  cyanide  (Davis  and  Claborn,  272)  v/ere  described. 

The  fumigation  of  cereal  products,  flTur,  and  flour  mills  with 
hydrogen  cyanide  and  other  fu::)igants  was  described  (Cotton,  V'a^mer,  and 
Younfi-,  273,  29^,  309,  336,  361);  deficiency  of  oxyfi"-n  as  a  factor  in  kill- 
ing insf^cts  in  vacu'ura  fumigation  v/as  di'-cussed  (3^6);  and  the  use  of 
heavier-than-air  fu-nigants  on  insect-infested  grain  and  other  products 
was  reported  on  (353).   These  studi-^s  were  made  by  Cotton,  Wngner,  and 
Young  at  Manhattan,  Kans.   The  rate  of  evolution  of  hydrogen  cyanide  from 
calcium  cyanide  was  studied  (37).   The  effect  of  a  number  of  fumigajits  on 
the  germination  of  seeds  was  investigated  by  Young  and  Roark  (U5,  5^); 

Many  studies  of  the  vapor  pressures  of  fumieants  were  made  by  TIelson 
and  Young  (23,  2U,  27,  73,  185).  f^^d  i-nproved  apparatus  fr>r  measuring"  par- 
tial vapor  pressures  of  binary  ilouid  systBES  was  perfected  by  iv^elson  (135)' 
From  these  data  were  calculated  the  r.aximun  weights  of  various  fumigants 
which  can  exist  in  vapor  form  in  a  1,000-cubic-f ^'^t  fumigating  chamber  (2^), 
which  were  published  by  ITelson  and  Roark,  v/ho  also  compiler^  data  en  the 
densities  of  mixtures  of  air  ajid  vario'is  fiimigants  (?U) . 

Methods  v;ere  devised  for  determinin.?  snail  quantities  of  methyl  bro- 
mide in  air  (Busbey  and  Drake,  Uno) ,  and  for  determining-  hydrogen  cyanide 
in  a  mixture  of  air  and  carbon  dioxide  (dapples,  I67).   Apparatus  for  the 
rapid  vaporization  of  carbon  disulfide  (¥eigel,  Yoijmg,  and  Swenson,  U) ,  for 
burning  sulfur  for  mushroom  house  fiunigation  (Davis  and  Young,  237)  ,  for 
laboratory  fumigations  with  hydr'^gen  cyanide  under  controlled  temperature 
and  humidity  (Cupples,  l6fi),  and  for  funigptinr  a-chids  under  laboratory 
conditions  \\rith  minute  quantities  of  nicotine  (F.  '-t.  Richardson  and  Busbey, 
350)  w^s  devised  and  described.   The  binary  system  carbon  tetrachloride- 
ethylene  dichloride  which  is  used  as  a  furaigant  (2)  was  studied,  and  the 
boiling-  points  and  specific  gra.vities  v;ere  recorded  as  aids  in  analysis 
(Young  and  Nelson,  128). 

The  work  of  investigators  of  fumigants  has  been  aided  by  the  publi- 
cation of  bibliographies  of  some  of  the  more  important  materials,  for  exam- 
ple, those  on   chloropicrin  by  Roark,  Gersdorff,  and  Busbey  (79.  20^,  2^3), 
that  on  ethylene  dichloride  by  Grersdorff  (132),  that  on  ethylene  oxide  by 
Young  and  Busbey  (2U7),  and  those  on  cyanides  by  Cupples,  Young-,  and  Busbey 
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(259,    ZSl/^SS,   476,    Uy^V.'Popuidi'  articles  and,  revievrs  of.'profTess   in.  .' • 
fiaini>ai3ts   have   also  "bei^n  puMiphed'by  Roar'-   (5,    10»    57»    1CJ5,    11*5.    1^,    1^3, 
21s,    and  29.3)*  .    .     

The.  volume   of  popcorn  was  fo-Jind   to  "be  affecteff  "by  certain  fiuni^nnts 
used   to   treat   the   corn  when  newly  harv.=  pted   for  the  destruction.,  of   insects. 
Funie-atinff-  the   corn  with  hyc^rocypJiic  acid   introvod   its  popping  nu-'^litv, 
carbon  disulfide  and   ethylene   oxit'e   at    reifrular  dos^fes   had  little  effect, 
whereas   carbon  tetrachloride,    ethylene  chloride,    and  chloropicrin  had  ad- 
verse  effects.      In  all  cases   at   the  end  of   J)0  days   the   deleterious .  effects  , 
had   completely  disappearecl   and  the  volume   of   the  popper?    samples  was   ap;ain 
at  normal   (lounie.    Cotton  ?xd  ViTap-ner,    ^28). 

F0RMAT2S      • 

The  hif":h.  insecticidal  value  of  the  volatile  •^sters  of  formic  acid 
was  discovered  by  this  Division  v/orkinr  in  cooperation  with  the  entomolo/?ist 
R.  T.  Cotton  (8,  5^).   Methyl  formate  and  ethyl  formate  have  come  into  com- 
mercial use  for  the  furai^ati'^n  of  raisins,  dried  fruits,  nuts,  and  other 
foodst'jffs  and  also  stored  tobacco  and  other  commodities.   A  mi^-ture  of 
meth,vl  formate  ano  carbon  dioxide  has  been  used  cornr;.ercially  also.   The  va- 
por pressures  of  the  for-nates  were  determined  (2U),  and'  from'  these  data  were 
calculated  the  rnaxinum  weights  of  the  various  f'^rnates  that  .can  exist,  in 
vapor  f'^rm  in  a  1,000-cubin-f ^ot  funifatinp-  chamber  (?^)..   This  information 
is  helpful  to  the  practicol  fiimi^ator. 

ETHYLENE  DIC'^nLORIDE  AND  ??.G?YLE^^  DICPI.OHIDE 

The  value  of  these  two  orranic  solvents  as  insecticidal,  fumi^rants 
was  reported  (Cotton  and  Re  ark,  2,  (o,  5U) .   In  order  t'^  reduce  the  slij^ht 
fire  hazard  of  ethylene  dichl-^ride,  it  is  mixed  v/ith  one-third  its  voliime 
'of  carbon  tetrachl-'ride  (?)..  .  B-^th  ethylene  dichl'^ride  and  propylene  di- 
chlnride  are  now  widely  used  f -^r  killinp-  weevils  in  frain  and  cl'^thes  m'^th^ 
in  furs  and  woolen  clothing.   These  fiomi^ants  are  now  used  in  place  -^f  cold 
storage  by  many  warehouses  storing:  furs,  clothing*,  and  household  froods  be- 
cause their  use  is  cheaper  and  more  effective  in  killing  insects.   They  are 
inexpensive  Cpostinf'.  about  5-  or  6  cents  rier  pound),  readily  available,  rela- 
tively nontoxic  .to.  rian,  and  leave  no  ■objectionable  odor  in  funi^ated  arti- 
cles,  A  physico-chemical  study  of  mixt.ures  of  ethylene  dichl-ridp  and  car- 
bon tetrachloride  was  made  and  their  boilini'  p'^'ints  and  sp'-^cific  gravities 
were  reco'rded  as  aids  in  analysis  (128).   A  comprehensive  bibliography  of 
ethylene'  dichloride  complete  throu,<rh  1^30  was  published  (I32). 

ETHYLENE  OXID^ 

This  fumijP-ant  is  now  widely  used  for  destroyiniT  insect  life  in  all 
kinds  of  stored  pr'-^ducts,  especially  packaged  cereals,  bap^ed  rice,  tobacco, 
cl-)thinp-,  and  furs.   It  is  best  employed  in  vacuum  fumigation  chambers. 
Ethylene  oxide  is  also  used  for  destroying  ins^^cts  infest  in,?  books  and  pa- 
pers.  The  Federal.  Archivos  Buildin^r  in  Washinrton^  D.  C.  ,  in  which  are 
stored  pric°less  historical  documents,  is  equipped  with  va.cuum  fumic-ation 
apparatus  ih  which  ethylene  oxide  is  used  to  treat  insect-infested  material. 
A  recent  use  of   ethylene  oxide  is,  to  destroy  molds,  fun^^i,.  and  other  plant 
life  infesting  spices,  esp.ecially  packa^''ed  spices.  Ethylene  oxide  is  the 
material  par"  excellence  for  this  purijose  because  it  is  highly  effective  at 
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an   economical  dosage  and  leaves  no  odor,  flpvor,  or  deleterio-as  residuo  in 
the  fuini^ated  product'.   The  use  of  ethylene  oride  for- combat in^r  economically 
injurious  fun^i  as  well  as  insects  i?  covered  "by IJ.  S.  patent  1,791.^29 
g-ranted  Roark  and  Cotton.   The  use  as  a  fumi^ajit  of  the  mixture  of  ethylene 
oxide  with  carbon  dioxide  is  also  protected  (Cotton  and  Youn?,  U.  S.'  patent 
2,02h,021) .      These  inventions  are  the  result  of  cooperative  research  "bv 
chemists  and  entomologists  and  are  more  fully  described  in  reports  by  Cotton 
and  Rnark  (l6,  5U)  and  by  Pack  et  al.  (6U).   A  bibliography  on  the  use  of 
ethylene  oxide  for  pest  control  was  published  {2kj) . 

CHLOROPICRIN   . 

This  compound,  which  was  extensively  used  as  a  tear  cas  in  the  World 
War,  has  valuable  insecticidal,  fungicidal,  and  bactericidal  properties. 
It  is  free  from  the  fire  and  explosion  hazards  of  carbon  disulfide  pnc\   other 
fumigants  ,and,  because  of  this  and  other  desirable  properti'=?,  it  has  come 
into  extensive  commercial  use  for  the  fiimi,£:ation  of  strain,  ships'  holds, 
and  warehouses,  and  injurious  insects,  nematodes,  and  raicro-or,s:anisras  in 
soil.   V/e  have  directly  stimulated  the  use  of  chloropicrin  bv  issuing  three 
bibliOiSraphies  (79.  209,  253)  on  the  subject.   These  contain  abstracts  of 
many  publications  unavailable  to  most  scientific  workers,  such  as  vrorks 
written  in  Russian. 

HYDROGM  CYANIDE 

This  fumi^ant  continues  to  be  the  most  important  of  all.   In  spite 
of  a  history  of  use  of  50  years,  there  are  many  problems  connected  with  its 
application  ap-ainst  specific  pests  that  require  stuTiy,   At  Whittier,  Calif.  , 
the  Division  of  Insecticide  Investigations,  in  cooperation  with  entomolo- 
gists of  the  Division  of  Fruit  Insect  Investigations,  has  carried  on  chemi- 
cal investigations  since  1°30  en  the  fumigation  of  the  California  red  scale 
x^fith  h,vdrogen  cyanide. 

■Experimental  field  fumigation  invCFtigations  added  to  our  knowledge 
of  the  concentrations  of  hydrogen  cyanide  in  tents  during-  rerular  commer- 
cial treatments  and  provided  r^ossp-e   data  for  comparison  with  insect  mor- 
talities in- seasonal  fumigation  studies.'  The  multiplicity  of  variables  in 
field  experimentation,  many  of  which  vrere  not  amenable  to  control,  coupled 
with  the  impossibility  of  reproducing  results,  made  the  identification  and 
©valuation  of  the  factors  responsible  for  wide  variation  in  the  insect  mor- 
tality practically  impossible,  and  ultimately  led  to  the  postponement  of 
field  w«rk  of  this  nature  in  favor  of  laboratory  investigations.   However, 
the  study  of  field  fumigation  yielded  data  from  which  a  mathematical  for- 
mula was  developed  that  expresses  the  drop  in  hydrogen  cyanide  concentra- 
tion with  time  under  a  fumigation  tent.   Prom  a  practical  standpoint  the 
results  show  that  the  use  of  a  more  nearly  cas-tip-ht  tent  and  thorough 
mixing  of  hydrogen  cyanide  with  tho  air  under  the  tent  will  assure  better 
insect  kill. 

For  the  laboratory  studies  of  hydrogen  cyanide  fumigation  a  special 
apparatus  was  devised  and  constructed.   By  means  of  this  it  is  possible  to 
control  temperature,  humidity,  and  hydrogen  cyanide  concentration  and  to 
expose  the  insects  to  the  fumigant  at  once,  thus  avoiding  tho  effects  of 
protective  stupefaction.   Reports  of  these  studies  are  bping  prepared  for 
publication. 
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CHLORINi 

The  control  of  stinkinff  smut  of  wheat,  oats,  barley ^  and  sorphiams  bv 
the  -application  of  gaseous  chlorine  was  investigated  by  Leukel  (U73)  ef  the 
Bureau  --^f  Plant  Industry  and  Nelson  of  this  Bureau.   Chlorine  ^as  is  capable 
tf  killing  smut  spores  of  trains  under  carefully  controlled  conditions  but 
offers  greater  promise  in  controllin,?'  fxmf'i  on  (S-pTdnn  seeds. 

ACC^SSOP.Y  MATERIALS 

It  is  comparatively  seldom  that  an  irsecticidal  material  is  used 
alone.   Dustini?  materials  are  commonly  mixed  with  inert  powders  to  aid  in 
their  distribution,  and  spraying  materials  freauently  have  added  to  them 
wettinf'  and  adhesive  a<?ents  to  improve  their  application  and  adherence  to 
fniit  and  foliage.   A  clear  understanding  of  the  roles  played  by  these 
supplementary  materials  is  essential  to  the  proper  conduct  of  chemical  con- 
trol of  insects,  and  the  Division  has,  therefore,  devoted  considerable 
attention  to  them  and  has  made  worthwhile  advances  in  our  knowled,?e  of  them. 

WETTERS  AND  SPREADERS 

Cupples  has  developed  a  quick  and  easy  method  of  determining  the 
spreading  power  of  solutions  over  a  standarr^  oily  surface  (266),  and  by  its 
means  has  made  a  detailed  study  of  thp  spreading  ability  of  sodium  oleate 
(266,  275) >  of  potassium  and  ammonium  oleates  (283),  and  of  the  sodium  salts 
of  numerous  other  fatty  acids  i])h'^,    ^72),  as  well  as  of  triethanolaraine 
oleate  (379)'   A  survey  of  the  chemical  nature  of  certain  sprea'^ers  used 
with  lead  arsenate  was  made  (15*^),  and  a  compreh=>nsive  list  of  the  more 
modern  wetting  ae-ents,  includinp-  measurements  of  their  spreading  coeffi- 
cients, was  published  by  him  (383) •   The  relation  of  wetting  power  to  abil- 
ity of  liquids  to  penetrate  wood  and.  the  relation  of  initial  spray  reten- 
tion to  spreading  power  have  been  studied.   Amon/?  the  solid,  powdered  sup- 
plementary materials,  bentonit.T  has  been  piven  special  attention,  and  the 
role  which  it  plays  in  the  formation  of  nicotine  bentonite  and  other  salts 
with  ore-pjiic  bases  and  alkaloids  was  explained  for  the  first  time  by  C.  R. 
Smith  (222). 

In  a  study  by  Cupples  (U68)  of  inorganic  salts  as  adjuvants  for  in- 
creasin,?  the  wetting  powpr  of  a  proprietary  wettinfr  af^nt  (  a  sulfonated 
ester  of  a  dicarboxylic  acid)  it  was  found  that  no  precipitation  occurred 
in  the  presence  of  lare-e  amounts  of  calcium  or  marn^sium.   Additions  of 
chlorides  of  calcium,  magnesium,  or  sodium  to  solutions  of  this  wetting- 
affent  produced  significant  increases  in  wetting  povrers,  as  measured  by  sur- 
face tension  or  by  spreading  coefficient  on  mineral  oil.   The  improvement 
is  so  substantial  as  to  indicate  that  this  effect  may  be  of  practical  im- 
portance in  the  formulation  and  use  of  these  materials. 

An  investigation  by  Cupples  (U72)  of  the  wetting  and  spreading 
properties  of  aqueous  solutions  containing'  mixtures  of  sodium  carbonate 
with  n-caproic,  n-caprylic,  n-c^^pric,  lauric,  myristic,  and  palmitic  acids 
led  to  the  conclusion  that  for  aqueous  mixtures  of  sodi-um  carbonate  with  a 
series  of  fatty  acids  at  a  concentration  '^f  l.n  percent  of  fatty  acid,  the 
surface  tension,  interfacial  tension  apainst  mineral  oil,  and  spreading 
coefficient,  when  plotted  as  f\inctions  of  the  alkali-fatty  acid  mole  ratio, 
give   curves  which  are  similar  in  form  with  few  exceptions.   The  relative 
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positions  cf  the  curves  correspond  a'cproximately  with  the  order  of  increas- 
ing molecular  weight  of  the  fatty  acids. 

The  characteristics  of  the  carljonate  miTture  are  Fimilar  to  those  of 
the  correspendin^  hydroxide  mixtures,  v;ith  some  differences  v;hich  are  nxijtr^v- 
ently  accounted  for  by  the  diacidic  nature  of  the  carbonate.   Th3  oleoto 
mixtures  have  exceptional  properties  which  help  to  explain  their  excellence 
as  determents. 

DILU51TTS 

A  comprehensive  study  of  the  physical  characteristic?  of  Hiluents 
suitable  for  use  in  makinfS  dusting-  mixtures  is  under  way  at  prf^'S.^nt. 

STICKERS 

The  effects  of  the  use  of  fish  oil  a.nd  mineral  oil  as  adhesives  with 
lead  arsenate  upon  the  magnitude  of  the  deposits  obtained  was  investigated 
by  us  in  cooperation  with  Diehl  ilk?)    and  Ryall  (133'!  of  the  Bureau  of 
Plant  Industry, 

A  new  adhesive  especially  adaptecl  for  causing  derris  pov/der  and  simi- 
lar organic  materials  to  stick  to  foliape  was  invented  by  Troodhue  (U.  S. 
patent  2,123,^17) .      This  consists  of  rosin  residue  or  pine  oil  foots,  a 
substance  that  remains  in  the  fractionatinfr  column  after  the  rer.oval  of 
solvent  and  pine  oil  in  the  steam  and  solvent  process  for  the  production 
of  nav^l  store  products  from  pine  wood.   This  ar'.hpsive  is  b'^st  handled  when 
emulsified  in  water  with  ammonium  caseinate.   It  is  nbnin.iurious  to  foliage, 
does  not  accelerate  the  decomposition  of  rotenone  and  related  compoujids, 
and  retains  35  to  95  percent  of  the  derris  on  bean  folir^e  after  a  washing 
test  equal  to  2-1/2  inches  of  ra,in  in  a  period  of  S  minutes.   The  concen- 
trated em^.lsion  is  comcercially  available  and  is  widely  use^,  especially 
for  combating'  the  Japanese  beetle  vrith  derris. 

Additional  sticV'ers  that  hsye  been  developed  by  us  are  the  reaction 
product  of  furfural  v;ith  aniline  (O-oodhu:^,  TJ.  5.  pa,t^nt  2,lU6,257)  ^nd  the 
reaction  product  of  furfural  with  acetone  (Goodhue,  IT.  3.  patent  2,lU6,2R?). 

EMULSIFIERS 

A  for.-ula  for  the  prepara.tion  of  insecticirial  oil  emulsions  usin/? 
casein  rm-.irni-  as  the  eir.ulsifying  agent  v;?-.s  developed  by  Fewcoaer  and  Car- 
ter (I9^l).   .-i.-ulrior.s  nad.-?  in  this  wa:"-  h'-ve  be3n  thoroughly  tested  in  the 
labor^icry  su"!  in  the  orchard,  and  s^.own  to  be  rrncticpl,  eccnor.ic??l,  and 
effective,  a^d  fruit  growers  in  the  Pacific  Forthwest  are  usin.^?:  them  suc- 
cessfully on  a  large  scale.   The  influence  of  various  emulsifiers  on  the 
quantity  of  oil  deposited  from  emulsions  vras  determined  by  Cressman  and 
Dawsey  (22^). 

AITALYTICAL  irv^STIGATIOlTS 

The  Division  of  Insecticide  Investigations,  in  the  course  of  its 
developmental  work,  is  constantly  concerned  with  the  improvement  of  exist- 
in?  methods  of  analysis  and  the  development  of  new  methods  when  none  are 
available.   This  has  led  to  some  notable  contributions  that  have  been  of 


-  32  - 

^reat  use  to  every  one  interested  in  insecticides. 

Secause  of  the  impn-^tsnce  of  arsenic  as  an  economic  insect  poison, 
ana.l.ytical  methods  for  its  determination  and  for  the  examination  of  insecti- 
cides and  foodstuffs  containin^ff  it  are  extremely  i.mportant.   The  Division 
has  always  taken  a  l^adine:  part  in  this  work,  sone  one  of  its  msmhars  havinfr 
acted  for  yerrs  as  the  Rnf'^ree  on  Arsenic  for  the  Association  of  Official 
A/?-ri cultural  Chemists,  conducting  tho  collahorativ^  work  for  th^  Associa- 
tion and  Eubrnittinfi-  regular  annual  reports  (251,  333,  39*^ »  ^^^)«   Numerous 
important  improvements  have  been  made  by  us  in  the  (^utzeit  method  of  deter- 
mininr  the  micro-amounts  of  arsenic  that  are  encountered  in  spray-residue 
work.   Improved  methods  for  the  preliminary  digestion  of  the* samples  have 
been  v/orked  out  by  Barn^^s  (^9),  the  accuracy  of  the  method  has  been  deter- 
mined by  him  and  Murrav  (U??),  and  moans  of  overcoming  certJ^in  interferences 
have  been  worked  out  by  Gross  and  Cassil  (l6S,  l^^f*,    33^)-   "Recently,  in  co- 
operation with  V'ichmann  of  the  Food  and  T'lror   Administration,  a  new  method 
(UU6)  for  micro-amounts  of  arsenic  has  been  devised  by  Cassil,  which  is 
equally  as  speedv  as  the  Gutzeit  netho."^  an'^  far  mo^e  precise.   A  procedure 
was  publisher!  for  determining  arspnic  in  soil  treatei?.  vith  acid  lead  arsen- 
ate '(Koblitsi:^^'^,  U^?). 

The  Divisi-^n  has  also  developed  a  nn^thod  for  free  lime  in  calcium 
arsenate  that  has  been  the  most  imp-^rtnnt  factor  in  unravelling  the  make-up 
of  this  most  complete  insecticide  (Sl"^.   Recently,  tartar  emetic  has  assumed 
some  importance  as  an  inp-?cticide,  ajid  becfuso  of  the  lack  of  a  suitable 
method  for  the  determination  of  ar.tim^ny  in  spray  residues  fr'^m  its  use,  a 
new  method  was  developed  in  cooperation  v;ith  Davidson  and  P^alley  of  th'=>  Bu- 
reau of  Agricultural  Chemistry'-  and.  Ungineerinf  (3^1).   Advances  have  been 
made  in  the  analysis  of  foodstuffs  for  lead  (Wichrcann  et  al. ,  20S) ,  and  a 
specific  method  was  worked  out  for  lead  in  chewing  tobacco  and  snuff  (Cnssil 
and  C.  M.  Smith,  305).   A  method  w^s  devel'^ped  for  residues  of  barium  fluo- 
silicate  (Carter,  102)  and  ^ther  fluorine  compounds  (Carter,  35^).  ^.nd  for 
the  copper,  arsenic,  zinc,  mercury,  and  fluorine  (Carter,  Capen  and  Cassil, 
U03)  left  in  wood  that  has  been  impregnated  with  their  soluble  salts. 

■  'The  study  of  natural  insecticides  of  plant  orif'in  h^'S  resulted  in 
.the .development  and  publication  of  methods  for  nearly  all  the  important 
compounds  of  this  class.   The  Division  has  been  the  pioneer  in  respect  to 
methods  of  examining  rottnone-bearing  plants.   The  discovt^ry  by  Jones  that 
rotenone  forms  sparingl.v  soluble  complexes  ^^'ith  carbon  tetrachloride  and 
dichloroacetic  acid  ledto  tho  development  of  a  riac-^c  method  (122,  165,  33^. 
U25)  for  the  estimation  of  rotenone  in  roots.   In  cooperation  with  Graham 
(373.  377)  of   th'^  Food  and  Drug  Administratiin,  who  also  is  Referee  on  In- 
secticides for  the  Association  of  Official  Ap-ricultural  Chemists,  the 
meth->d  vras  further  improved  and  has  been  practically  universall.v  adopted; 
the  Food  and  Drug  Administration  now  uses  it  in  control  work,  and  the  Asso- 
ciation of  Official  Agricultural  Chemists  has  taken  action  to  make  it  an 
official  method.   One  qualitative  color  test  was  develope-^  (Jonos  and  C.  M. 
Smith,  169)  which  permits  a  rapid  testing  in  the  field  during  search  for 
rotenone-bearing  plants,  and  such  use  has  actually  been  made  of  it  in  the 
researches  of  the  Department  as  well  as  elsewhere.  An^^ther  color  test  for 
micro  ajn^unts  of  rotenone  and  demelin  was  devised  by  Gross,  Smith,  and 
Goodhue  (219,  276)  which  permits  of  nuantitative  amplication,  and  this  test 
has  been  used  by  numerous  invest irators  all  over  the  w^rl^  as  a  auick  means 
of  studying  the  decomposition  of  der-^is  and  the  isolation  of  constituents 
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ft*r«ra  it.  Recently  a.'compflFls-on  hse  \)6(*h  meSe  of  "11  puMi^^hed  color  teste. 
The  possibility  that  optical  rotation  of  tho  extracts  mi,?ht  serve  for  test- 
ing rotennne-heariniEr  plants  warS  looked- into  by  Jones  (322).  In  cooperation 
vith  Sullivan,  chemical  means  of  estiniHtin!"'  the  insecticidal  efficncy  of 
derris  ^r  cube  (2S9.  395)  were  developed,  by  Jones  and  Smith  which  are  defi- 
nitely of  service,  in  comparing  various  samples. 

The  methods  now  used  for  the  determination  of  the  two  active  princi- 
ples in  pyrethrum  powder  are  not  wholly  satisfactory.   We  have  contributed 
a  new  procedure  for  estimatinj?  pyrethrin  II  (Haller  and  Acree,  2^3)  and  at 
present  have  under  study  another  entirely  new  procedure  for  estimating  both 
pyrethrins  I  and  II  separately. 

Our  contributions  to  the  analysis  of  nicotine  products  have  been 
particularly  notable.   One  micro  method,  suitable  for  fumigation  c^^ncent ra- 
tions, based  on  weighing  the  silicotunpstate  compound  (Spies,  317,  320), 
and  another  based  on  the  photoelectric  estimation  ©f  the  name  precipitate 
(Goodhue,  37^),  were  worked  out.   Two  methods  specifically  adapted  for 
determining  nicotine  in  spray  residues  were  developed  (Markwood,  378,  kk^) , 
the  latter  colorimetric  procedure  permitting  the  determination  of  the  mi- 
nute quantity  «f  nicotine  spray  residue  on  one  apple. 

The  attempt  to  develop  ?ynthetic  organic  insecticides  has  also  lei 
t«)  numerpus  ■im;portant  advances  in  analytical  technic.   The  examination  of 
one  of  the  fumifi-ants  developed  by  tho  "Bureau,  namely,  the  mixture  of  ethyl- 
ene dichloride  and  carbnn  tetrachloride,  was  facilitated  by  ^the  determina- 
tion of  the  boiling  points  and  specific  gravities  of  all  mixtures  of  the 
two  components  (Youn,?'  and  IMelson,  128),   The  study  of  fumi,eation  problems 
was  aided  by  a  n-^w  method  of  determininr  hydrocyanic  acid  (Cuppl'=s,  1^7); 
a  method  for  the  macro-examination  of  phon- thiazine  was  developed  (l.  ^j. 
Smith,  376);  as  well  as  a  nic^o-colorlmetric  procedure  (not  yet  published) 
suitable  for  the  determination  of  the  c^mp^und  in  spray  residues;  the  in- 
cre^sini?  uso  of  methyl  bronide  led  to  a.  meth-^d  for  its  estimation  in  air 
in  'the  small  concentrations  encountered  in  f limitation  (Busbey  and  Drake, 
UOO);  and  our  stu-^ies  of  spray  oils  led  to  definite  advances  by  Dawsey  in 
methods  of  deterninlnf'  the  de-".:iosits  from  -t'il  emulsions  (161,  292,  371)  and 
of  examining-  the  oil-  for  volatility  (l28) . 

The  study  '-f  natural  insecticides  of  plant  -^ririn  and  of  synthetic 
organic  insecticides  has  led  to  several  improvements  in  micro  and  semi- 
micro  methods  of  organic  analysis.   Improvements  have  been  made  by  Clark 
in  the  procedures  for  determinin,?  carbon  and  hydrof^en  (197)  •  nitrogen  (203)i 
halogens  (227),  sulfur  (262),  acetyl  (316,  362),  methoxyl  and  ethoxyl  (13I, 
U67),  and  a  general  article  on  inicro  analytical  methods  was  presented  be- 
fore the  Association  --f  Official  Agricultural  Chemists  by  hin  (122),  the 
present  referee  on  that  subject  for  this  association. 

Physical  net^^ods  of  analysis  have  also  been  given  attention,  and  a 
new  sedimentation  method  for  the  measurement  cf  the  particle-size  distri- 
bution in  insecticidal  materials  was  developed  (Goodhue  and  C.  M.  Smith, 
315)'   The  sedimentation  and  micro  projoction  methods  for  determining  the 
particle-size  distribution  of  insecticides  i\rere  compared,  using  three  com- 
mercial samples  of  dusting  sulfur.   Ao-  far  as  precision  is  concerned,  there 
is  probably  no  choice-between  the  methods,  but  the  sedimentation  method  is 
less,  tine- consuming  (Goodhue  and  G-oden,  UUo).  itqDAOV  '" 

.  _         tfTATTC*  PLANT  BOARD 


-  34- 

A  process  for  the  recovery  of  silver  .and  iodine  from  silver  iodide  . 
was  worked  out  and  patented  (Spies,  2Ul  snd  U..  .S.  .patent  ..2,, QfoO,  539.)  •  .In 
cooperation  with  Hillie-  of  the  Food  and  T)rup- .Adiiini  strati  on,  niark  (^l.<^, 
Ul7)  worked  out  a  chemical  procedure  for  evaluating  spoila^ee  in  canned  fish, 
especially  salmon  and  tuna  fish,  usins  the  improved  apparatus  and  modified 
Dyer  method  to  which  reference  has  bepn  made  Gls<=^where.   Directions  were 
published  by  Clark  for  an  improved  methor"  for  the  preparation  of  hvdriodic 
acid  suitable  for  aTroxyl  and  Friedrich-Kjeldahl  nitro,o:en  determinations.  ■ 
(U22). 

The  effect  of  particle  size  on  the  toxicity  ..of  calcium  arsenate,  .  . 
paris  lE-reen,  synthetic  cryolite,  phenothiazine,  and  acid  leari  arsenate  to 
the  codling  .moth,  larva  was  studied  by  Goodhue  in  ..cooperation  .with.  Siefler 
(U37).   Coarse  phenothiazine  (particles  having  a  m.idsize  of  U5  microns)  yras 
much  less  toxic  th?>Ji  was  the. medium  .(l5-micron)  or  fine  (U-micron)  fraction. 
Mo  great  difference  in  toxicity  of  thp  different  fractions  w«is  obtained  with 
the  other  insecticides.         .     .       ,. 

.APPLICATION  OF  STATI=>TICAL  hrSTHODS  TO  INSECTICIDE  PROEX-EMS 

Much  of  the  work  on  developing,  testing,  and  establishing  the  commer 
cial -value  of  insecticides  is  necessarily  of ,  the  variable  natijLre  which  can 
be- evaluated  only  by  the  application  of  the  theory  of  probabilities.   This, 
is  particularly  true  in  the  studv  of  p-nray  deposits  and.  their  remov?>l  by 
washinf'  or  other  means,. for  the  arplication  of  sr.r^-ys,  if  far  from  an  pxact 
pr'^cedure,  the .  sprays  are  deposited  on  frjiit  with  its  '  natural  large  hetero- 
geneity,., and  the  nature  of  the  vrashinfi*  technic- employed  is  not, .accurately  , 
standardized.   Further,,  in  nil  tests  against  insects  no  amount  of  refine7 
ment  in  the  mechanics  of  testing  will  overcom.e.  the  inherent  variations  jn 
susceptibility  of  individual  insects , -^ind  recourse  .my.st  be  had  to- the  sta-- 
tistical  study  of  averagi^  effects.  .:  ,. 

The  Division  has  long  ar,-nreciated  this  situatio.n  ajid  h^s  •  continually 
strivpn  to  promote  the.  statistic-^l  viewr-oint  in  relation  to  insecticide 
problems;  numerous  publications  have  been, issued  calling  the  attention  of, 
other  workers  to  the  conclusions  to  be  dravm  from  researches  carried  on  in 
the  Division. 

Barnes  (26)  studied  the  distribution  of  arsenic  r«=^sidue.on  a  larg.e. 
number  of  apples  sprayed  with  lead  arsenate,  analyzing'  individual  apples,, 
and  by  the  application  of  statistical  considerations  arri-^'f^d  at  an  estimate 
of  the  number  of. apples  that  must  be  used  to.  insure  a,deauate  samplinfr.. 
Barnes  and  Murray  (Uo)  extended  this  work  to  include  washed  apples,  and 
again  defined  the  size  of  represf^ntativr^  samples.   The  results  were  ob- 
tained by  the  Gutzcit  method,  th''  variance  of.  which  was  also  determined  by 
Barnes  and  Murray  (US).   Later,  when  methods  of  determining  lead  residues 
were  developed  to  the. point  where  their  accuracy  far  exceeded  that  of  the 
Gutzeit  method,  other,  lots  of  unwashed  and  washed  apple's  wpre  studied  by 
Smith  and  Cassil  (359)  with  res-ard  to  distribution,  and  standard  de^-iatlon 
of  deposit,  and  still  better  estimates  wpre  arrived  at  regarding  suitable 
sampling  technic.   These  findings  were  then  put  into,  practice,  so  that 
Haller,  Cassil,  and  Gould  (325)  were  guided  entirely  by  statistical  con- 
siderations in  estimating  the  variability  of  lead  residues  between  trees 
in  a  plot,  and  the  same  authors  together  with  Murray  and  Beaumont  (39^) 
critically  judged  their  results  of  residue-removal  studies  on  eastern 
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apples.   Without  the  statisticel  "backjerounri  Fnhey  ?>Jic'  Rus>  (U3P)  coulr'  not 
have  intellifrently  interpri^teri  their  findin^^  that  tho  rntio  betw.^<=n  1*^?*^ 
and   arsenic  in  residues  from  lea'^  arsenate  does  not  change  apprnci^^'bly  with 
time,  and  would  not  have  been  able  definitely  to  show  the  variability  of 
resiriues  from  part  to  part  of  Bn   apple  anr"  from  top  to  bottom  of  a  tree 
(U7I).   The  statistical  ra.othod  has  been  cairlori  by  ?pir.s  (320)  an'^  Cassil 
and  I''ichmann  {kkS)    into  cur  work  on  analvtic^l  n-^tho-^p.   It  also  playori  an 
important  p»rt  in  some  recent  work  (still  iijipublisheri )  by  Cassil  on  a  sur- 
vey of  derris  residues  on  cabbage,  and  in  an  investigation  (?^lso  still  un- 
publishe'^)  by  KcGovran  a-n*^  Cassil  of  the  relation  b^^tween  the  insectici'^al 
potency  of  paris  ^reen  and  its  de^rep  of  comminution. 

NdJW  A>ID  II-T^OFJlIi  AIPA^U'^US 

Accompli shmsnts  of  the  Division  of  Insectici'^e  Investigations  und«r 
this  he^r^injC  include  the  dovelopraent ,  in  cooperation  with  entomolorists,  of 
an  improveri  apparatus  for  the  r^pid  v^porir'ation  of  C''>rbon  rtisulfi(?e  (Wei^el, 
Younf,  and  Swenson,  k)    and  an  improved  burner  for  sulfur  intent" '^'^  especially 
for  raushroom-hou^e  furai(£*ation  with  sul-^ur  riioxifie  (Dpvis  and  Young-,  23"^). 
Carbon  disulfic"e  is  one  of  the  m-^st  potent  furairants  used  for  killing 
weevils  in  stored  grains  and  cereals.   The  annual  loss  can.sed  by  these  and 
other  insects  attacking  these  products  is  about  .'^3*^^ » 000, 000.   Carbon  di- 
sulfide is  also  used  for  treating:  soil  in  freenhouses  and  for  dpstroyine- 
Japanese  beetle  f^rubs  in  soil  surrourdins"  the  roots  of  nursery  stock.   Sp.v- 
eral  species  of  mushroom  flies,  manure  flies,  murhroom  mites,  and  sprinr- 
tails  cause  an  estimated  annual  reduction  of  about  20  percent  in  the  poten- 
tial value  of  the  mushroom  crop  produced  by  commercial  ^rov/ers.   This 
direct  loss  amounts  to  pbout  $?,000,000  a  year.  One   of    the  effective  means 
of  combating  these  pests  is  fumigation  with  nulfur  ^ioxidf^.   The  rievelop- 
ment  of  improved  means  for  applying  these  valuable  furaigants  assists  in  the 
fight  against  destructive  pests. 

In  order  accurately  to  studv  the  effect  of  a  fumi-^art  upon  a  f^i^en 
insect,  it  is  necessary  to  control  ver^'-  closely  both  the  temperature  pnd 
humidity.   An  improved  eauipnont  for  l^^boratorA''  fumigations  vdth  hvdrocvanic 
acid  which  enables  the  op-'^rator  to  do  this  was  developed  ^nd  described 
(166).   Special  appa.ra.tus  for  studying  the  effect  of  a  minute  ouantity  of 
nicotine  vapor  upon  aphids  v;as  devised  (3^0)  by  !Pusbey  in  cooperation  v^ith 
H.  H.  RichaT'dson.   In  the  study  of  fumigants  it  is  important  to  know  their 
vapor  pressures,  because  from  these  data  can  be  calculated  the  amount  of 
any  fuxiigant  necessary  to  saturate  the  atmosphere  in  a  given  space.   An 
apparatus  for  measuring  partial  vapor  pressures  of  binary  systems  was  des- 
cribed by  TTelson  (13?). 

A  new  mechanical  duster  for  applying  insecticidal  dusts  was  devised 
a.nd  patented  by  Goodhue  (U.  S.  iDatent  2,llU,0Q2).   The  efficiency  of  an  in- 
secticide depends  largely  upon  how  thoroughly  it  is  applied,  and  this  new 
dusting  device  vrill  enabl-^  the  operator  to  apply  nicotine  dust  and  other 
dusts  more  effectively.   Goodhue  and  Sie^ler  (3*^7)  developed  a  motor-driven 
telescoping  stirrer  for  use  with  an  insecticide-sprnyine'  apparatus. 

Many  devices  helpful  to  the  chemist  in  his  laboratory  operations 
were  invented  or  improved.   These  include  an  electrically  he^^ted  s^nd  bath 
(Clark,  •  19s) ;  a  funnel-heating  device  Ularkwood,  }}.    S.  patent  2,135,551  s'nd 
U55) ;  a  differential-pressure  control  mechanism  for  vacuum  distillation 
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which  was  devel'^ped  by  Palkin  of  the  Sureau  of  Agricultural  Chemistry  and 
En^ineerin,^  and  Nelson  of  tl.is  Bureau  (23O);  a  nevr  constat -temperature 
"bath  for  heatin/r  vacuum  stills  (^Telson  and  Ealler,  353);  a  sensitive  thermo- 
re^lat-^r  for  controllin,?  the  temperature  of  constant-temperpture  "baths 
(Goodhue,  3OS  and  U.  3.  patent  2,095.738);  «^  improved  melt ine-point  appara- 
tus (Schechter  and  Hallor,  Uoi);  a  Ipboratory  spr°yine;  and  washing  appara- 
tus (Cbisholm,  ^50);  and  improved  form??  of  apparatus  for  the  determination 
of  mRtho:3g,'-l  groups  (Clark,  I3I),  for  the  identification  of  volatil--^  fatty 
acids  (Clark  and  Hilli?,  U16) ,  for  the  detor:^inaticn  of  molecular  w-^iiP-hts 
(Spies,  162),  and  for  collecting  cigar  smoke  in  order  that  its  arsenic 
content  nay  he  determined  (G-ross  and  Nelson,  205) . 

In  working  v;ith  insecticides  of  plant  oriiS-in,  such  as  pyrethrum, 
tobacco,  derris,  and  cube,  it  is  necessary  to  extract  the  active  principles 
by  the  use  of  an  organic  solvent.   An  improved  lar^e-cappcity  apparatus  in 
which  these  extractions  can  be  made  was  devised  and  described  (Drake  and 
Spies,  192),  as  was  also  (Schochter  and  TTaller,  3*^7)  ^^   automatic  continu- 
ous p:=rcolator  useful  for  the  same  purpose. 

The  pprticle  size  of  insecticides  has  great  influence  on  th^ir  effi- 
cacy, but  heretofore  no  simple  apparatus  was  kno^-m  by  which  this  could  be 
determined.   A  new  differential  nanometer  type  sedimentation  apparatus  was 
devised  by  Goodhue  and  C.  M.  Smith  (315)i  "^7   means  of  which  the  particle 
size  of  many  insecticidal  dusts  may  be  acc\iratelv  determined.   A  simrler 
apparatus  for  getting?  average  particle  siz-^  has  recently  been  developed  by 
Gooden  and  Smith  (awaiting  publication). 

In  order  to  deteriuine  arsenic,  lead,  copper,  mercury,  and  other 
■metals  on  fruits  and  vegetables  and  in  timbers  treated  with  termite-proofing- 
materials  or  wood  preservatives,  it  is  necessary  first  to  oxidize  completely 
all  the  or.^anic  material  present.   An  improved  apparatus  for  accomplishing 
this  oxidation  was  developed  and  described  (Pavrnes,  U9).  A  convenient 
portable  rack  for  handlin,?  the  glass  flasks  usf^d.  in  this  operation  was 
also  described  (Rusk,  313)* 

CIWMOTROFISM 

The  study  of  repellents  for  drivinp-  insects  away  from  man  and  domes- 
tic animals  or  growing  crops,  and  of  attract^nts  for  luring  them  to  roisoned 
baits  or  traps  is  embraced  in  the  term  chemotropism. 

The  v.'ork  of  the  chemists  of  the  Division  of  Insecticide  Investiga- 
tions in  cooperation  with  Sishopp  (l,  20,  123)  and  associates  in  this  field 
has  led  to  the  use  of  pine-tar  oil  for  repelling  the  screwworm  fly  and  other 
blowflies  from  the  wounds  of  cattle,  sheep,  goats,  and  other  animals.   This 
insect  causes  an  estimated  annual  loss  of  nearly  5  million  dollars  in  the 
United  States,  a  loss  which  would  be  much  greater  except  for  the  use  of  this 
remedy. 

In  a'^r'ition  to  thf^  development  of  a  practical  treatment  for  screw- 
worms  in  livestock,  these  cooperative  investigations  brought  to  light  infor- 
mation of  theoretical  value,  such  as  the  relation  betv/e.'=*n  the  chemical  con- 
stitution and  physical  properties  of  orp^anic  cora-nounds  and  their  repellent 
value  arainst  blowflies,  the  specificity  of  insecticides,  the  influence  of 
volatility  and  other  physical  properties  on  repell«=nt  value,  etc.   This 


inforraation' has  proved  helpful  In  the  development  .of  insecticldF^s  for  the 
control  of  other • insebt  pests. 

Certain  arnyl  est'^rs  of  salic^^'lic  acid  have  "be-^n  found  to. he  upeful 
as  attractants  for  the  tobacco  hornwom  moth  by  the.  Division  of  Truck  Crop 
and  G.?rden  Ins'cts  Invest  legations.   The  preparation  and  physical  properties 
of  these  were  studied  and  described  (Freemnn  and  Faller,  UOS). 

■■     -■■   ^  !•>  I'ls^Ttn  qf.., PHARMACOLOGICAL  IKy^TIGATIOlilS:  ■  . 

•  The- importance  of  ascertaininpr  whether  new  synthetics  ?>nd  new  prin- 
ciples isolated  from  insecticidal  pl«nts  at«o  d.ele.terious  to  man  was  realized 
at  the  start  of  our  work.   Cooperative  work  was.  done  in.  1929  with  Dr.  D.  "3. 
Buckingham,  a  prominent  veterinarian  of  Washington,  P.  C. ,  in  testing  the 
action  of  -rotenone -upon  do^s  (ind.  En^.  Chein.  22:ll'3-3-113^- ,.  l'^^3'^)  •   Later 
Dr.  H.  B.  Haa^,  Profess.or  of  Pharmacol o^?;^'^  at  the  Medical  College  of  Virginia, 
at  Richmond,  Va.  ,  was  eng:Bge6.   as  a  collaborator  and  f'iven  the  problem  of 
studying  the- pharmacol^o^y  of  derri-s .      ...,..■. 

A  report  by  Kaa^  (119)  on  the  toxicoloer/   of  rotenone,  one  of  the. 
chief  constituents  of  derris,  cube,  and  ti'ibo,  was  made  in  1931-.  Later  the 
Pharmacol og^ical  testing  of  insecticides  was  transferred  to  the  Food  Research 
Division  of  the  Bureau  of  Agricultural  Chemistry  and  Hn^ineerin,?,.  and  fur- 
ther reports  on  derris  and  its  constituents  have  issued  from  that  Bureau 
(Ind.  ^n^.  Chem.  28:  815-821.   IP36;  ibid.  2^:  U29-^31-  1°37;  ibid.  3O:  592- 
595*  193s)  •   -^11  this  work  was  done  at  Richmond,  Va.  ,  under  the  direction 
of  Dr.  Haa^.   Briefly  it -may  tje  stated  that ,  when  taken  by  mouth,  rotenone 
is  only  one-thirtieth  as  toxic  as  lead  arsenate  to  rab"^its,  and  there  ap- 
pears to  be  no  danger  of  either  ac\ite  or  chronic  poisonin,?  from  eatin,?  cab- 
bage, etc.,  treated' With  derris  or  cube*  ;  Dr.  Haas-,.  ..while,  connected  vith 
the  Division  of  InsectiOide  Invostic^ations ,  also  reported  on  the  toxicolOiS^ 
of  anabasine  (180),  which/closelv  res-'^mhles  nicotine  pharmacologically  as 
well  as  physically,'  chemically,  and  insecticidally.   At  the  request  nf  the 
Division  of  Insecticide  Investigations,  pharmacolof:ical  studies  of  pheno- 
thiazine  and  other  synthetic  insecticides  have  been  carried  out  by  the 
Bureau  of  Agricultural  Chemistr;^'-  and  ^^ineerin^  at  San  Francisco,  Calif., 
but  are  not 'repbi-ted  on  here. 

.■  ■  MOTPPROOFINCr 

Clothes  moths  cause  damar^  in  the  United  States  estimated  at  not 
less  than- $20,0^0,00-0  annually.   Additional  damajfe  is  caused  by  furniture 
beetles  and 'carpet  beetles  attacking  upholstered  furniture,  T1^ff■s ,    furs, 
wool,  mohair,  feathers,  and  other  products  containing  keratin.   Some  authori- 
ties have  figured '.the  yearly  damage  cause"-^  by  fabric  pests  plus  the  cost  of 
insecticides,  cedar  closets,  garment  bas's,  etc..  at  not  less  than  $irtO ,  000 ,  000. 

Accomplishments  of  the-  Division  of.  Ins-octicido  Inve-stif^ations  in  co- 
operation With  entomologists  of  the  Bureau  .in  this,  field  include  the  dis- 
covery that  rotenone  is  a  mothproofing  agent  (Back,  Cotton,  and  P.oafk,  85). 
Althoufrh  B'xpOsure  to  direct  sunlight  aiid  air  decomposes  rotenone  into  in- 
secticidally inert  substances,  it  does  retain  its  remarkablv  high  toxicity 
to  clothes  moth  larvae  under  ordinary  household  conditions  sufficiently 
long  to  enable  it  to  be  used  in  a  practical  way.   This  use  of  rotenone  was 
also  discovered  by  W.  J.   McGill  (U.  S.  patent  1,85U,948)  and  has  been  com- 
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nercially  exploited  by  the  StaJidard  Oil  Conpany  of  Indiana. 

The  literature  of  mothproof inff,  which  is  larfjelyin  patent?,  has  been 
thoroughly  abstracted,  and  these  abstracts  hpve  been  published  by  Roark  froii 
tine  .to  time  (I5,  UU,  U6,  107,  l'+3) .   The  three  indexes  of  patented  noth- 
proofinf-  materials  (IO6,  170,  2^7)  put  out  by  Roark  an^^  Busbey  constitute 
the  most  complete  compilation  of  information  on  the  subject  and  have  been 
widely  used' by  workers  in  this  field. 

TRSB  MEDICATION 

The  idea  of  introd^i-cin^  chemicals  into  the  sap  stream  of  a  living' 
plant  in  order  to  control  diseases,  insects,  or  funeri  attacking  the  plant 
is  ah  old  one.   Although  this  procedure  has  been  somewhat  discredited  by 
the  -extravagant  claims  of  quacks  pretending:  to  be  tree  doctors,  beneficial 
results  from  the  injection  of  certain  compounds  into  trees  have  been  report- 
ed.  Preliminary  to  an  investigation  of  this  field  of  tree  medication,  the 
literature  has  been  reviewer^  and  a  list  made  of  the  principal  chemicals  that 
have  been  proposed  for  this  purpose  (Carter,  U33)» 

Several  thousand  analyses  of  sections  of  trees  were  made  for  the  Di- 
vision of  Forest  Insect  Investigations  to  aid  in  tracing:  the  flow  of  solu- 
tions of  copper  sulfate,  sodium  fluoride,  zinc  chloride,  mercuric  chloride, 
and  other  chemicals  when  injected  into  tree  tr-'jnks  for  the  control  of  bark 
beetles.   New  methods  of  analyzing:  impregnated  wood  were  developed  (Carter, 
Capen,  and  Cassil,  ^3)» 

ECONOMICS  0?  INSi:CTICID?.S 

This  subject  has  received  attention,  as  shown  by  the  following'  publi- 
cations by  Roark:    •  •  ;•■■  .  .  ..  ,   _.,_,.   _.. ^^^  .. 

.  .. .,  .,  ""ilconoEic  aspects  of  the  Aise  of  insecticides-  (7) 
_;'    United  States  insecticide  statistics  for  1^28  (36) 

.  ,   The  American  market  for  tuba  root  (Derris  elliptica)   (77) 

Problems  in  the  production  '■nd  use  of  insecticides  in  the  South  (78) 

Insecticides  and  fungicides  (?U8) 

Insecticides  and  funfi-icides,  1^)18-1938  (39U) 

Although  not  complete,  our  compilation  of  statistics  (39^)  of  the 
consumption  of  insecticides  an.^  fun,eicides  in  the  United  States  durin,?  I936 
is  the  best  that  has  been  published  and  h^s  been  widelv  quoted. 

Ad'^itional  compilations  of  fi^ires  on  the  use  of  certain  insecticides 
have  been  prepared,  as,  for  example,  statistics  of  rotenone-bearin^  roots 
that  are  riven  in  publications  159,  18U,  279,  p^'^   ^1^ ,    "Iso  bv  Roark. 

BIELI0GRAPUI1]S ,  ABSTRACTS,  AND  REVIEWS 

Information  concerning  insecticides  is  widely  scattered,  not  only  in 
the  entomological  and  agricultural  literature  but  ^l-so  in  the  chemical, 
patent,  pharmaceutical,  medical,  and  veterinary  literature.   No  one  abstract 
journal  covers  all  this  literature,  pnd    it  is  oxceedinply  difficult  for  the 
student  of  insecticides  to  keep  abreast  of  developments  in  this  field.   In 
order  to  assist  in  makinf"  information  on  insecticides  available  to  those 
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interested  in  chenlcal  methods  of  pest  control,  the  Division  of  Insecticide- 
Investipationc  has  compiled  and- put  li  shed  a  number  of  bibliofraphies  '^n 
some'  of  the  more  importsint  insecticides,  such  as  mani^anese  arsenate  (Dear- 
born, 337) »  magnesium  arsenate  (Dearborn,  ^11),  spr^y  residues  of  arsenic, 
lead,  fluorine,  nic-otine,  etc.,  md  their  removal  (3usbey,  U3I) ,  fluorine 
compounds  (Carter  and  3nsbey,  U3?) ,  chloropicrin  (79.  209.  253)  1  ethylene  ' 
dichloride  (132),  ethylene  oxide  (2H7);  cyanide  compo^inds  (259,  ?8l,  283, 
470,  U76) ,  chemicals  used  in  treatments  of  trees  by  inflections  (433)»  nico- 
tine (306,  319),  derris  (13U,  UlU,-  U21,  U3U) ,  Lonchocarpus  (279.^19). 
Tephrosia  (327),  Q,uassia  (UU9),  and  miscellaneous  insecticidal  plants  (^U, 
112). 

The  demand  for  thes<^  publications  has  been  widesprea'^,  necespitatine- 
the  reprintin^r  of  several. 

ASSTMCTS  OF  PAT^^T  LITERATITES 

Bcpinnir^  in  1926,  abstracts  of  United  States  patonts  r^latinff  to 
insecticides,  fungicides,  spra.vin^,  dustini?  and  fumif-atinp  machinery,  in- 
sect trops,  and  other  npchanlcal  devices  for  combatins'  p-^sts  were  prer)ared 
by  Roark  and  circulated  in  mimeofirraphed  form.   At  present  these  abstracts 
are  issued  monthly  under  the  title  "r^eview  ^f   TJnite'^  States  Patents  "Relat- 
ing to  Pest  Control,"  and  sent  to  1,23"^  pers'>ns  in  this  country  and  to  232 
in  foreip-n  countries.   This  sprvice  is  prertly  appreciated  by  econom.ic  ento- 
mologists, insecticide  manTtfacturers,  nnd  rest-control  operators.   Many  of 
the  abstracts  are  reprinted  by  Soap,  thr^  -official  journal  of  the  National 
Association  of  Insecticide  and  Disinfectant  Manufacturers,  and  by  F^sts, 
the  official  orfan  of  the  ITati^nal  Ppst  Control  Ass'^ciation.   The  British 
abstract  journal  Review  nf  Applif^d  ''Int'^m'^lopy  nlso  r"f':^rs  to  this  patent 
review. 

From  time  to  tine  t^^^e  atter;tion  -^f  entomolorists  has  been  called  to 
the  value  of  the  information  cont-o.ined  in  Patents.   The  foll-^win^  papers  on 
this  subject  have  been  publishe'^  by  Roark: 

Importance  of  patent  literature  to  ec^n'^mic  entomologists  (3) 
Insecticide  patents  (3^) 

The  trend  in  pest-c^ntr-^l  in^'entions  in  the  United  States  (11^7) 
A  review  of  nonchemical  United  States  patents  issued  from  1^17  to 
1933,  inclusive,  relating-  t-^  insect  c^ntr^^l  (25^+) 

Comprehensive  compilations  of  information  taken  from  the  patent 
literature  concerning  certain  classes  of  insecticides  have  been  issued.   The 
most  complete  nf  these  relate  to  mothproof inc;  (I5,  kk,    U6,  I06,  IO7,  IU5, 
170,  277).  to  organic  sulfur  compounds  used  as  insecticides  and  fungicides 
(250),  and  to  the  rotenone-be«rinr  ril^^nts  Derris ,  Lonchocarous ,  and  Tephro- 
sia (76,  I3U,  211,  279.  327,  U09.  hio). 

There  were  also  issu!=>d  by  Roar^  hi   mimenrr?i:h'^d  lifts  of  United 
States  patents  issued  from  1917  to  193.^ »  inclusive,  relpitin?-  to  ins'=^ct  elec- 
trocutors,  traps,  fly  screens,  f'xmiratinf  devices,  dusting  ?ind  .srrayinf 
apparatiis,  insect  barriers,  m.achinery  for  w?ishinr  insecticide  sr)ra,v -residues 
from  fruits  and  vee-etablps,  etc.   Those  lists,  which  briefly  abstracted 
3,5^3  patents  on  these  subjects,  were  distributed  t"'  State  entomolorists 
and  plant  patholorists  and  others  interested  in  nest  control,  and  constitute 


the  only  comprehensive  pu"blic?tion  on  n'^nchpnical  ne^^ns  of  pest  control- • 
other  than  the  orip-inal  patents  filed  in  the  United  States  Patent  Office. 

An  index  of  chemicals  mentioned  in  the  Heview  of  United  States  Pat- 
ents relating  to  Pest  Control  issued  in  1931  ^as  published  "by  Roark  (200). 

BOOK  R-5VIi5WS 

Because  of  their  reputation  as  outstanding  specialists  in  certain 
fields  of  research,  nem'bers  of  the  Division  of  Insecticide  Investie-ations 
have  been  asked  from  time  to  tine,  "by  the  editors  of  leading-  scientific 
journals  such  as  the  Journal  of  the  Association  of  Official  Af^ri cultural 
Chemists,  Industrial  and  ^njeineerinp  Chemistry,  and  Cereal  Chemistry,  to 
prepare  reviews  of  books  on  pyrethrun  (Roark,  206) ,  organic  chemistry 
(Haller,  2S0),  theoretical  chemistry  (Nelson,  31^) »  Qualitative  analysis 
(Nelson,  3^0),  fumif^ation  (Roark,  375*.  mic-^o chemical  methods  (Clark,  Ulg), 
and  ins.-^cticide  statistics  (Roark,  ^69). 

POPULAR  ARTICLES  ON  INSSCTICIDIDS  '  *' 

Many  popular  articles  presenting  information  on  insecticides  have 
been  published.   The  following  titles  indicate  the  scope  of  our  activities 
under  this  headine-: 

Modern  methods  of  disinfecting  and  furai^atine-  (5) 

A  report  of  the  Insecticide  Division's  investir^tions  with  • 

various  insecticides  (9,  10) 
Chemists  in  front  ranks  in  vrarfare  on  harmful  insects  (12) 
New  insecticides  developed  to  Im-orove  crop  protection  (50) 
Some  of  the  chemical  problems  in  codline-  m^th  control  (59) 
Use  of  economic  poisons  t'-^  safp^p-uarH  crops  (llU) 
New  fumi/rants  for  destr'-^yinr  insf^ct  pests  ir  foodstuffs  (ll*!) 
Rotenone,  a  promisini?-  new  insecticide  (133) 
Chemically  combatin-^  insect  pests  of  foodstuffs  (1U3) 
Advantages  and  limitations  of  organic  insecticides  (239) 
Recent  developments  in  insecticide  research  (2U0) 
Insecticide?  for  combating  household  pests  (271) 
Research  to  find  substitutes  f^^r  lead  arsenate  (3OO) 
An  insect  that  breathes  thr^ug-h  its  nose  (3^5) 
Af?ri cultural  products  as  insecticides  (U2P) 
Recent  progress  in  the  chemistry  ^f  pyrethrum  fl'^wers  (UU3) 

The  difference  between  insecticides  and  funricides  was  nointad  out 
in  a  brief  note  (392)  and  the  tern  "derris  r^^sinate"  criticized  (UoU). 

PAPERS  PRDPAR^.D  BY  INVITATION 

By  invitation  of  the  National  Research  Council,  a  s^ri-^s  nf  annual 
reviews  of  the  progress  in  insecticides  and  funricid'^s  in  the  United  States 
was  prepared  by  Roark  and- published  in  the  Annual  Survey  of  American  Chem- 
istry for  1929.  1930,  1931.  1933.  and  1^35  (57,  IO5.  1^0.  218.  2q3).   ^ach 
of  these  revi.^ws  summarizes  the  information  fr-^n  about  200  to  350  scientific 
articles  and  patents.   Also,  by  invitatir^n,  progress  in  the  chemistry  of 
heterocyclic  compounds  recorded  by  American  workers  in  1931  (139)  and  IP32 
(ISI)  was  reviewed  and  published  by  Haller  and  L.  Til.  Smith  in  the  Annual 
Surveys.   By  in->^itation  fr'^n  the  editors  '^f  the  Annual  Review  of  ^''iochenistry, 
a  chapter  on  devel'^pments  durinc  1937  in  '^r/^anic  insecticides  of  plant  ^ririn 


-  Ui  - 

was  prepare^   by  LaFo^^e  airi   Markvoo-^  for  vol^ane  7  of   this   work   (3'^3) 

The  literature  ^nd  pati?nts  desc-ibine-  prorress  fron  June  to  NovernlDer, 
1938,  in  hous'^hold  insocticides ,  pspr^cinlly  pyrethrum,  derris,  and  synthet- 
ics, was  reviewed  at  the  reau^st  of  the  ITational  Association  of  Insecticide 
and  Disinfectant  H^mif acturr-rs    (Hoark,    U?^) . 

Other  papers  prepared  by  invitation   inclut^e  l<^r,s.    ^,    J,    Q.    10,    U?, 
50,    ^? ,    73,    90,    llU,    U77;        Th<^se   are   discussed  under  the   subjects   of  which 
they  treat,    such  as  pyrethrum,    derris,    etc. 
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LIST  OF  PUBLICATIONS  AND  PATENTS 

of  the 

DIVISION  OF  INSECTICIDE  INVESTIGATIONS 

R.  C.  Roark,  Principal  Chemist  in  Charge 

for  the  period 

July  1,  1927,  to  December  31,  1939 


Some  of  the  publications  listed  below  were  prepared  jointly  by 
members  of  the  Division  of  Insecticide  Investigations  and  those  of  other 
organizations.  The  asterisk  indicates  the  authors  not  connected  with 
this  Division.  Copies  of  these  publications  can  doubtless  be  consulted 
in  almost  any  large  public  or  institutional  library. 

PUBLICATIONS 
Index 

No. 

1.  Repellents  for  Blowflies.  R.  C.  Roark.  D.  C.  Parman,*  F.  C. 
Bishopp*  and  E.  W.  Laake.*  Indus,  and  Engin.  Chem. ,  v.  19,  no.  8, 
p.  942-943,  Aug.  1927. 

2  Ethylene  Dichloride-Carbon  Tetrachloride  Mixture;  a  New  Non-Burn- 
able, Non-Explosive  Fumigant .  R.  T.  Cotton*  and  R.  C.  Roark. 
Jour.  Econ.  Ent . ,  v.  20,  no.  4,  p.  636-639,  Aug.  1927. 

3  Importance  of  Patent  Literature  to  Economic  Entomologists.  R.  C. 
Roark.   Jour.  Econ.  Ent.,  v.  20,  no.  4,  p.  640-641,  Aug.  1927. 

4.  An  Apparatus  for  the  Rapid  Vaporization  of  Carbon  Disulphide.  C. 
A.  Weigel,*  H.  D.  Young,  and  R.  L.  Swenson.*  U.  S.  Dept .  Agr. 
Circ.  No.  7,  8  pp.,  Nov.  1927. 

5.  Modern  Methods  of  Disinfecting  and  Fumigating.  P..  C.  Roark. 
National  Safety  News,  v.  17,  no.  1,  p.  23-24,  Jan.  1928. 

6.  Fumigation  Tests  with  Certain  Aliphatic  Chlorides.  R.  ^^  Roark 
and  R.  T.  Cotton.*   Jour.  Econ.  Ent.,  v.  21.  no.  1,  p.  135-142. 


Feb.  1928. 


7. 


Economic  Aspects  of  the  Use  of  Insecticides.   R.  :.  Roark.   Chem 
Markets,  v.  22,  no.  3,  p.  303-304.  Mar.  1928. 


8  Fumigation  of  Stored-Product  Insects  with  Certain  Alkyl  and  Alky- 
lene  Formates.  R.  T.  Cotton*  and  R.  C.  Roark.  Indus,  and  Engin 
Chem.,  v.  20,  no.  4,  p.  380-382.  Apr.  1928. 

Date  of  organization  of  the  Division 
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9.   Insecticide  Investigations.   R.  C.  Roark.   U.  S.  Daily,  3(45):  9, 
Apr.  25.  1928. 

10.  Tobacco  and  Gases  as  Insecticides.  R.  C.  Roark.  U.  S.  Daily 
3(46):  11,  Apr.  26,  1928. 

11.  Insecticidal  Action  of  Some  Esters  of  Halogenated  Fatty  Acids  in 
the  Vapor  Phase.  R.  C.  Roark  and  R.  T.  Cotton.^  Indus,  and 
Engin.  Chem.,  v.  20,  no.  5,  p.  512-514,  May  1928. 

12.  Chemists  in  Front  Ranks  in  Warfare  on  Harmful  Insects.  R.  C. 
Roark.   U.  S.  Dept.  Agr.  Yearbook-1927,  p.  177-179.   July  1928. 

13.  Dipiperidyls.  C.  R.  Smith.  Jour.  Amer.  Chem.  Soc . ,  v,  50,  no.  7, 
p.  1936-1938,  July  1928. 

14.  Effect  of  Alkalinity  on  Basic  Cupric  Sulfates.  0.  A.  Nelson. 
Jour.  Phys.  Chem.,  v.  32,  no.  8,  p.  1185-1190,  Aug.  1928. 

15.  Chemically  Combating  Clothes  Moths.  R.  C.  Roark.  Soap,  v.  3, 
no.  12,  p.  95,  97,  99,  101,  Aug.  1928. 

16.  Ethylene  Oxide  as  a  Furaigant .  R.  T.  Cotton*  and  R.  C.  Roark. 
Indus,  and  Engin.  Chem.,  v.  20,  no.  8,  p.  805,  Aug.  1928. 

17.  The  Preparation  of  Alpha-,  Beta-  and  Gamraa-Benzylpyridines.  F,  B. 
LaForge.  Jour.  Amer.  Chem.  Soc.  v.  50,  no.  9,  p.  2484-2487, 
Sept.  1928. 

18.  The  Preparation  of  Some  Pyrrolidine  Derivatives.  F.  B.  LaForge. 
Jour.  Amer.  Chem.  Soc,  v.  50,  no.  9,  p.  2471-2477,  Sept.  1928. 

19.  The  Preparation  and  Properties  of  Some  New  Derivatives  of  Pyri- 
dine. F.  B.  LaForge.  Jour.  Amer.  Chem.  Soc,  v.  50,  no.  9, 
p.  2477-2483,  Sept.  1928. 

20.  Tests  of  Blowfly  Baits  and  Repellents  During  1926.  D.  C.  Panaan.* 
E.  W.  Laake,*  F.  C.  Bishopp,*  and  R.  C.  Roark.  U.  S.  Dept.  Agr. 
Tech.  Bull.  no.  80,  14  pp.,  Sept.  1928. 

21.  Composition  of  Fluorides  and  Fluosilicates  Sold  as  Insecticides. 
R.  H.  Carter  and  R.  C.  Roark.  Jour.  Econ.  Ent.,  v.  21,  no.  5 
p.  762-773,  Oct.  1928. 

22.  Solubilities  of  Some  Inorganic  Fluorides  in  Water  at  25°  C.  R.  H. 
Carter.  Indus,  and  Engin.  Chem.,  v.  20,  no.  11,  p.  1195  Nov 
1928. 

23.  Vapor  Pressures  of  Fumigants.  I.  Methyl,  Ethyl,  Isopropyl,  and 
Secondary  Butyl  Chloroacetates .  0.  A.  Nelson.  Indus,  and  Engin. 
Chem.,  V.  20,  no.  12,  p.  1380-1382,  Dec  1928. 
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24.  Vapor  Pressures  of  Fumigants.  II.  Methyl,  Ethyl,  n-Propyl , 
Isopropyl,  n-Butyl,  Secondary  Butyl,  and  Isobutyl  Formates.  0.  A. 
Nelson.  Indus,  and  Engin.  Chem.,  v.  20,  no.  12,  p.  1382-1384. 
Dec.  1928. 

25.  Some  Recently  Proposed  Methods  for  the  Assay  of  Pyrethrum  Flowers. 
R.  C.  Roark.  Oil,  Paint  and  Drug  Reporter,  v.  114,  no.  27,  p.  50, 
Dec.  1928.  Also  published  under  Chemical  Estimation  of  Pyrethrum. 
Soap,  V.  4,  no.  7,  p.  101,  Mar.  1929. 

26.  Sampling  Apples  in  the  Orchard  for  the  Determination  of  Arsenical 
Spray  Residue.  J.  W.  Barnes.  Indus,  and  Engin.  Chem.,  v.  21. 
no.  2,  p.  172-174.  Feb.  1929. 

27.  Vapor  Pressures  of  Fumigants.  IV.  Vapor  Pressure  of  Nicotine. 
H.  D.  Young  and  0.  A.  Nelson.  Indus,  and  Engin.  Chem.,  v.  21, 
no.  4,  p.  321-322,  Apr.  1929. 

28.  Recent  Progress  in  the  Chemistry  of  Derris.  R.  C.  Roark.  Jour. 
Econ.  Ent.,  v.  22,  no.  2,  p.  378-381,  Apr.  1929. 

29.  Maximum  7/eights  of  Various  Fumigants  which  can  Exist  in  Vapor 
Form  in  a  1,000  Cubic  Foot  Fumigating  Chamber.  R.  C.  Roark  and 
0.  A.  Nelson.  Jour.  Econ.  Ent.,  v.  22,  no.  2,  p.  381-387,  Apr. 
1929. 

30.  The  Use  of  Carbon  Dioxide  to  Increase  the  Insecticidal  Efficacy 
of  Fumigants.  R.  T.  Cotton*  and  H.  D.  Young.  Proceedings  of  the 
Entomological  Society  of  Washington,  v.  31,  no.  5,  p.  97-102, 
May  1929. 

31.  Insect  Poison  Called  Rotenone  Highly  Toxic  but  Costly  at  Present. 
F.  B.  LaForge.  U.  S.  Dept.  Agr.  Yearbook-1928,  p.  388,  June  1929. 

32.  Insecticide  Residues  Removed  from  Fruit  by  Various  Washes.  R.  C. 
Roark.   U.  S.  Dept.  Agr.  Yearbook-1928,  p.  389-390,  June  1929. 

33.  Insecticide  Research  Develops  a  Promising  Substitute  for  Nicotine. 
C.  R.  Smith.  U.  S.  Dept.  Agr.  Yearbook-1928,  p.  388-389,  June 
1929. 

34.  Insecticide  Patents.  R.  C.  Roark.  Jour.  Econ.  Ent.,  v.  22,  no.  3. 
p.  596,  June  1929. 

35.  Rotenone.  I.  Reduction  Products  of  Rotenone.  F.  B.  LaForge  and 
L.  E.  Smith.  Jour.  Amer.  Chem.  Soc,  v.  51,  no.  8,  2574-2581, 
Aug.  1929. 

36.  United  States  Insecticide  Statistics  for  1928.  R.  C.  Roark.  Jour. 
Econ.  Ent.,  v.  22,  no.  4,  p.  699-701.  Aug.  1929. 
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37.  Evolution  of  Hydrocyanic  Acid  from  Calcium  Cyanide.  H.  D.  Young. 
Indus,  and  Engin.  Chera.,  v.  21,  no.  9.  p.  861-863,  Sept.  1929. 

38.  Compatibilities  of  Insecticides.  T.  Fluosilicates  and  Cryolite 
with  Arsenates.  R.  H.  Carter.  Jour.  Econ.  Ent.,  v.  22,  no.  5, 
p.  814-818,  Oct.  1929. 

39.  Nev,'  Solvents  for  the  Re:r,oval  of  Arsenical  Spray  Residue.  R.  H. 
Robinson.  Indus,  and  Engin.  Chem.,  v.  21,  no.  11.  p.  1132-1135, 
Nov.  1929. 

40.  Sampling  Cleaned  Apples  for  Determination  of  Arsenica]  Spray 
Residue.  J.  W.  Barnes  and  C.  W.  Murray.  Indus,  and  Engin.  Chem., 
V.  21,  no.  11.  p.  1146-1147,  Nov.  1929. 

41.  The  Occurrence  of  Rotenone  in  the  Peruvian  Fish  Poison  "Cube" 
E.  P.  Clark.  Science,  v.  70,  no,  1820,  p.  478-479,  Nov.  15.  1929. 

42.  Valiosas  Plantas  Insecticidas  oudaniericanas.  R.  C.  Roark.  3oletin 
de  la  Union  Panamericana,  v.  63,  p.  1298-1299,  Dec,  1929. 

43.  New  Solvents  for  the  Active  Principles  of  Pyrnthrum.  W,  A. 
Gersdorff  and  7/.  M.  Davidson.*  Indus,  and  Engin.  Chem.,  v.  21, 
no.  12,  p.  1251-1253,  Dec.  1929. 

44.  Some  Recently  Proposed  Stomach  Insecticides,  a  Review  of  the  Patent 
Literature.  R.  C.  Roark.  Trans.  Fourth  Internatl .  Cong.  Ent. 
Ithaca.  Aug.  1928,  v,  2,  p.  728-736,  Dec.  1929. 

45.  Effect  of  Various  Fumigants  on  the  Germination  of  Seeds.  H.  D 
Young.  Jour.  Agr.  Research,  v.  39,  no.  12,  p.  925-927,  Dec.  15, 
1929. 

46.  Recent  Mothproofing  Patents.  R.  C.  Roark.  Textile  Colorist. 
V.  51,  no.  612.  p.  828-830,  Dec.  1929;  v.  52,  no.  613,  p.  25-28, 
Jan.  1930. 

47.  Skraup's  Reaction  Applied  to  the  Phenylenediamines .  Preparation 
of  the  Phenanthrolines  and  Related  Dipyridyls.  C  R  Smith. 
Jour,  Amer.  Chem.  Soc,  v,  52,  no.  1,  p.  397-403.  Jan.  1930. 

48.  Accuracy  of  the  Gutzeit  Method  for  the  Determination  of  Minute 
Quantities  of  Arsenic.  J.  W.  Barnes  and  C.  W.  Murray.  Indus,  and 
Engin.  Chem.  Anal.  Ed.,  v.  2,  no.  1,  p.  29-30,  Jan.  15,  1930. 

49.  Apparatus  for  Destructive  Oxidation  of  Organic  Material  in  the 
Determination  of  Metals  in  Foods.  J.  W.  Barnes.  Indus,  and 
Engin.  Chem.  Anal.  Ed.,  v.  2,  no.  1,  p.  107-108,  Jan.  15.  1930. 


-  46  - 

Index 
No. 

50.  New  Insecticides  Developed  to  Improve  Crop  Protection.  R.  C. 
Roark.   U.  S.  Daily,  v.  4,  no.  274,  p.  8,  Jan.  23,  1930. 

51.  Rotenone.  II.  The  Derivatives  of  Derritol.  F.  B.  LaForge  and 
L.  E.  Smith.  Jour.  Amer.  Chem.  Soc. ,  v.  52.  no.  3,  p.  1088-1091. 
March,  1930. 

52.  Rotenone.  III.  Dehydro rotenone .  F.  B.  LaForge  and  L.  E.  Smith. 
Jour.  Amer.  Chem.  Soc,  v.  52,  no.  3,  p.  1091-1098.   Mar.  1930. 

53.  Rotenone.  IV.  Constitution  of  Rotenone.  F.  B.  LaForge.  Jour. 
Amer.  Chem.  Soc.  v.  52,  no.  3,  p.  1102-1104,  Mar.  1930. 

54.  Tests  of  Various  Aliphatic  Compounds  as  Fumigants.  R.  C.  Roark 
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59.  Some  of  the  Chemical  Problems  in  Codling  Moth  Control.  C.  R. 
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Dec.  1930. 

85.  Rotenone  as  a  Mothproofing  Agent.  E.  A.  Back.*  R.  T.  Cotton* 
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1930. 

86.  The  Toxicity  of  Rotenone.  Isorotenone  and  Dihydro rotenone  to 
Goldfish.  W.  A.  Gersdorff.  Jour.  Amer.  Chem.  Soc,  v.  52,  no. 
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99.  The  Insecticide  Possibilities  of  Derris  Root.  R.  C.  Roark.  Soap, 
V.  7,  no.  3,  p.  97,  99,  101,  Mar.  1931. 
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104.  2,4,5-Trimethoxyben20ic  Acid:   A  Derivative  of  Dehydrodeguelin. 

E.  P.  Clark.  Jour.  Amer.  Chem.  Soc,  v.  53,  no.  5,  p.  2007-2008, 
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Soc,  V.  53,  no.  7,  p.  2738-2741,  July  1931. 

114.  Use  of  "Economic  Poisons"  to  Safeguard  Crops.  R.  C.  Roark.  U.  S. 
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119.  Toxicological  Studies  of  Derris  elliptica  and  Its  Constituents.  I. 
Rotenone.  H.  B.  Haag.  Jour.  Pharm.  and  Exper.  Therapeutics, 
43,  no.  1,  p,  193-208,  Sept.  1931. 

120.  Rotenone.  XV.  The  Structure  of  Derric  Acid.  F.  B.  LaForge.  Jour. 
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Munger.*  Jour.  Econ.  Ent.,  v.  29,  no.  5,  p.  1027,  Oct.  1936. 

313.  Portable  Rack  for  Kj eldahl  Flasks.  H.  W.  Rusk.  The  Chemist  Analyst, 
V.  25,  no.  4,  p.  92-93,  Oct.  1936. 

314.  Book  review  of  "Introduction  to  Theoretical  Chemistry"  by  William 
Buell  Mildrura  and  Frank  Thomson  Gucker.  0.  A.  Nelson.  Jour.  Assoc 
Off.  Agr.  Chem.,  v.  19,  no.  4,  p.  671,  Nov.  15,  1936. 

315.  The  Particle  Size  of  Insecticidal  Dusts.   A  New  Differential  Mano- 
meter-Type Sedimentation  Apparatus.   L.  D.  Goodhue  and  C.  M.  Smith. 
Indus,  and  Engin.  Chem.,  Anal.  Ed.,  v.  8,  no.  6,  p.  469-472,  Nov. 
15,  1936. 

316.  Serai-Microdetermination  of  Acetyl  -  Especially  in  0-Acetyl  Compounds. 
E.  P.  Clark.  Indus,  and  Engin.  Chem.,  Anal.  Ed.,  v.  8,  no.  6, 
p.  487-488,  Nov.  15,  1936. 

317.  The  Solubility  of  Nicotine •Silicotungstate  in  Solutions  of  Dilute 
Hydrochloric  Acid.  J.  R.  Spies.  Jour.  Amer.  Chem.  Soc.  v.  58. 
no.  12,  p.  2386-2388,  Dec.  1936. 

318.  Beta-Octyl  Thiocyanate.  W.  Gordon  Rose  and  H.  L.  Haller.  Jour. 
Amer.  Chem.  Soc,  v.  58,  no.  12,  p.  2648-2649,  Dec  1936. 

319.  A  Bibliography  of  Nicotine.  Part  II.  The  Insecticidal  Uses  of 
Nicotine  and  Tobacco.  N.  E.  Mclndoo,*  R.  C.  Roark  and  R.  L.  Busbey. 
E-392.  Mimeographed  in  3  sections  (Section  1,  198  pp.:  Section  2, 
p.  199-358;  and  Section  3,  p.  359-628),  Jan.  1937. 

320.  Determination  of  Small  Quantities  of  Nicotine  by  a  Silicotungstic 
Acid  Micromethod.  J.  R.  Spies.  Indus,  and  Engin.  Chem.,  Anal. 
Ed.,  V.  9,  no.  1,  p.  46,  47,  Jan,  15,  1937. 

321.  The  Use  of  Phenothiazine  as  an  Insecticide.  L.  E.  Smith.  E-399. 
Mimeographed,  11  pp.,  Jan.  1937. 
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322.  The  Optical  Rotatory  Power  of  Extracts  of  Derris  and  Cube  Roots. 
H.  A.  Jones.  Jour.  Agr.  Research,  v.  53,  no.  11,  p.  831-839,  Dec. 
1,  1936  (issued  Jan.  1937). 

323.  Relative  Toxic  Action  of  Phenol  and  Phenyl  Mercaptan.  When  the  Gold- 
fish is  Used  as  the  Test  Animal.  W.  A.  Gersdorff.  Jour.  Agr.  Re- 
search, V.  53.  no.  11,  p.  841-847,  Dec,  1,  1936  (issued  Jan.  1937). 

324.  Homologs  of  Paris  Green.  III.  Members  of  the  Oleic  and  Linoleic 
Acid  Series.  F.  E.  Dearborn.  Jour.  Econ.  Ent.,  v.  30,  no.  1, 
p.  140-143,  Feb.  1937. 

325.  Variability  in  Lead  Residues  on  Apples.  M.  H.  Haller.*  C.  C. 
Cassil  and  Edwin  Gould.*  Jour.  Econ.  Ent.,  v.  30,  no.  1,  p.  174- 
179,  Feb.  1937. 

326.  Pyrethrins  in  Fresh  Pyrethrum  Flowers.  H.  L.  Haller.  Jour.  Econ. 
Ent.,  V.  30,  no.  1,  p.  210-211,  Feb.  1937. 

327.  Tephrosia  as  an  Insecticide  -  A  Review  of  the  Literature.  R.  C. 
Roark.  E-402,  Mimeographed,  165pp.,  Feb.  1937. 

328.  A  Crystalline  Compound  of  Seraicarbazide  and  Seraicarbazide  Hydroch- 
loride. H.  L.  Haller  and  F.  B.  LaForge.  Jour.  Amer.  Chem.  Soc, 
V.  59,  no.  4,  p.  760,  Apr.  1937. 

329.  The  Solubility  of  Certain  Semicarbazones  in  Dilute  Hydrochloric 
Acid.  F.  B.  LaForge  and  H.  L.  Haller.  Jour.  Amer.  Chem.  Soc, 
V.  59,  no.  4,  p.  760-761,  Apr.  1937. 

330.  The  Relative  Quantities  of  Oil  Deposited  Upon  Paraffin-Coated  Plates 
and  Upon  Plant  Foliage  by  Oil  Sprays.  L.  H.  Dawsey,  A.  W.  Cressman* 
and  J.  Hiley.  Jour.  Agr.  Research,  v.  54,  no.  5,  p.  387-398, 
March  1,  1937.   [Issued  April,  1937]. 

331.  Toxicity  of  Phenothiazine  Derivatives  to  Culicine  Mosquito  Larvae. 
P.  S.  Schaffer,  H.  L.  Haller  and  D.  E.  Fink.*  Jour.  Econ.  Ent., 
V.  30,  no.  2,  p.  361-363,  Apr.  1937. 

332.  Principal  Optical  and  Physical  Properties  of  the  Carbon  Tetrachlor- 
ide Solvate  of  Rotenone.  E.  L.  Gooden  and  C.  M.  Smith.  Jour.  Amer. 
Chem.  Soc,  v.  59,  no.  5,  p.  787-789,  May  1937. 

333.  Quassin.  I.  The  Preparation  and  Purification  of  Quassin  and  Neo- 
quassin,  with  Information  Concerning  their  Molecular  Formulas.  E.P. 
Clark.  Jour.  Amer.  Chem.  Soc,  v.  59,  no.  5.  p.  927-931,  May  1937. 

334.  Determination  of  Rotenone  in  Derris  and  Cube.  Crystallization  from 
Extracts.  Howard  A.  Jones.  Indus,  and  Engin.  Chem.,  Anal.  Ed., 
vol.  9,  no.  5,  p.  206-210,  May  15.  1937. 
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335.  Relative  Toxicity  of  the  Cresols  as  Demonstrated  by  Tests  with 
Carassius  auratus.  W.  A.  Gersdorff.  Jour.  Agr.  Research,  v.  54, 
no.  6,  p.  469-478,  March  15,  1937.   [Issued  May,  1937.] 

336.  Recent  Advances  in  the  Vacuum  Fumigation  of  Cereal  Products  with 
Certain  Fumigants.  R.  T.  Cotton,*  Geo.  B.  Wagner*  and  H.  D.  Young. 
E-405,  Multigraphed,  7  pp.,  3  figs.,  May  1937. 

337.  The  Arsenates  of  Manganese  as  Insecticides  (A  Review  of  the  Lit- 
erature).  F,  E.  Dearborn.   E-408,  Mimeographed,  27  pp.,  May  1937. 

338.  Report  on  Arsenic.  C.  C.  Cassil.  Jour.  Assoc.  Off.  Agr.  Chem., 
v.  20,  no.  2,  p.  171-178,  May  1937. 

339.  The  Decomposition  of  2-Fluorenediazonium  Chloride  and  2-Fluorenone- 
diazonium  Chloride  in  Acetic  Acid.  H.  V.  Claborn  and  H.  L.  Haller. 
Jour.  Amer.  Chem.  Soc,  v.  59,  no.  6,  p.  1055-1056,  June  1937. 

340.  Constituents  of  Fyrethrura  Flowers.  VII.  The  Behavior  of  the  Py- 
rethrins  on  Hydrogenation.  H.  L.  Haller  and  F.  B.  LaForge.  Jour. 
Organic  Chemistry,  v.  2,  no.  1,  p.  49-55,  Mar.  1937.  [Issued  June, 
1937]. 

341.  Constituents  of  Pyrethrum  Flowers.  VIII.  The  Presence  of  a  New 
Ester  of  Pyrethrolone .  F.  B.  LaForge  and  H.  L.  Haller.  Jour. 
Organic  Chemistry,  v.  2,  no.  1,  p.  56-61,  March,  1937.  [Issued 
June,  1937.] 

342.  Croton  Resin.  IV.  The  Petroleum-Ether-Insoluble  Acids.  J.  R. 
Spies.  Jour.  Organic  Chemistry,  v.  2,  no.  1,  p.  62-67,  Mar.  1937. 
[Issued  Juno  1937] 

343.  Particle  Size  of  Commercial  Calcium  Arsenates  by  Sedimentation 
Analysis.  L.  D.  Goodhue.  Jour.  Econ.  Ent.,  v.  30,  no.  3,  p. 
466-474,  June  1937. 

344.  An  Examination  of  Commercial  Calcium  Arsenates.  0.  A.  Nelson  and 
C.  C.  Cassil.  Jour.  Econ.  Ent.,  v.  30,  no.  3,  p.  474-478,  June 
1937. 

345.  An  Insect  that  Breathes  Through  Its  Nose.  R.  C.  Roark.  Jour.  Econ. 
Ent.,  v.  30,  no.  3,  p.  522-527.  June  1937. 

346.  Oxygen  as  a  Factor  in  Vacuum  Fumigation.  R.  T.  Cotton,*  G.  B, 
Wagner*  and  H.  D.  Young.  Jour.  Econ.  Ent.,  v.  30.  no.  3,  p.  560, 
June  1937. 
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347.  Relationship  of  Grains  of  Spray  Residue  per  Pound  of  Apple  to 
Micrograms  per  Square  Centimeter  of  Surface  -  A  Conversion  Table. 
H.  W.  Rusk.  Hoosier  Horticulture,  vol.  19.  no.  7,  p.  109-112,  July 
1937.  [Reprinted  in  Trans.  Indiana  Horticultural  Society  for  1937. 
pp.  120-122  -  Rec'd.  in  Dept .  Library  Aug.  1938.] 

348.  Chemical  Studies  of  Spray  Deposits.  J.  E.  Fahey  and  H.  W.  Rusk. 
Indiana  Horticultural  Society  Transactions  for  the  year  1936,  being 
a  Report  of  the  76th  Annual  Meeting  held  January,  1937,  p.  85-90. 
[Rec'd.  by  Department  Library  July  27,  1937.] 

349.  Wetting  and  Spreading  Properties  of  Aqueous  Solutions.  Mixtures  of 
Sodium  Hydroxide  with  n-Caproic.  n-Caprylic.  n-Capric.  Laurie. 
Myristic,  and  Palmitic  Acids,  H.  L.  Cupples.  Ind.  Eng.  Chem., 
Ind.  Ed.,  vol.  29,  no.  8,  pp.  924-926,  August  1937. 

350.  Laboratory  Apparatus  for  Fumigation  with  Low  Concentrations  of 
Nicotine  -  With  Studies  on  Aphids.  H.  H.  Richardson*  and  R.  L. 
Busbey.  Jour.  Econ.  Ent.,  vol.  30,  no.  4,  p.  576-582,  August  1937. 

351.  Semicommercial  Manufacture  of  Nicotine  Peat.  L.  N.  Markwood.  Jour. 
Econ.  Ent.,  vol.  30,  no.  4,  p.  648-651,  August  1937. 

352.  Chemical  and  Insecticidal  Tests  of  Samples  of  Tephrosia  toxicaria. 
H.  A.  Jones  and  W.  N.  Sullivan,*  Jour.  Econ.  Ent.,  vol.  30,  no.  4, 
p.  679-680,  August  1937. 

353.  Constant-Temperature  Bath  for  Molecular  Stills.  0.  A.  Nelson  and 
H.  L.  Haller.  Ind.  Eng.  Chem.,  Anal.  Ed.,  vol.  9,  no.  8,  p.  402, 
August  1937. 

354.  Report  on  Fluorine  Compounds.  R.  H.  Carter.  Jour.  Assoc.  Off. 
Agr.  Chem.,  vol.  20,  no.  3,  p.  394,  August  1937. 

355.  Constituents  of  Pyrethrura  Flowers.  IX.  The  Optical  Rotation  of 
Pyrethrolone  and  the  Partial  Synthesis  of  Pyrethrins.  H.  L.  Haller 
and  F.  B.  LaForge.  Jour.  Araer.  Chem.  Soc,  vol.  59,  no.  9,  p. 
1678-1681,  September  1937. 

356.  Occurrence  of  l~Nornicotine  in  Ni.cotiana  sylyestris.  C.  R.  Smith. 
Jour.  Econ.  Ent.,  vol.  30,  no.  5,  p.  724-727,  October.  1937. 

357.  Composition  of  Paris  Greens  Manufactured  During  1936.  F.  E.  Dear- 
born. Jour.  Econ.  Ent.,  vol.  30,  no.  5,  p.  804.  October  1937. 

358.  Heavier-Than-Air  Fumigants  and  Their  Relation  to  Methods  of  Fumiga- 
tion for  Insect  Control.  R.T.  Cotton*,  G.B.  Wagner*,  and  H.D.  Young, 
The  National  Grain  Jour.,  vol.  21,  no.  11,  p. 10-12.  October  1937. 
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359.  A  Statistical  Study  of  the  Sampling  and  Analytical  Errors  Encountered 
in  Analyzing  Apples  for  Lead  Spray  Residues.  C.  M.  Smith  and 
C.  C.  Cassil.  Jour.  Assoc.  Off.  Agr.  Chem.  .  vol.  20,  no.  4.  p. 
617-622.  November  1937. 

360.  Book  Review  of  "Qualitative  Analysis  and  Chemical  Equilibrium"  by 
T.  R.  Hogness  and  W.  C.  Johnson.  0.  A.  Nelson,  Jour.  Assoc.  Off. 
Agr.  Chem.,  vol.  20,  no.  4.  p.  656,  November  1937. 

361.  The  Problem  of  Controlling  Insects  in  Flour  Warehouses.  R.  T. 
Cotton,*  G.  B.  Wagner,*  and  H.  D.  Young,  American  Miller,  vol.  65. 
no.  11.  p.  22,  24,  26,  79,  November  1937. 

362.  The  Determination  of  Acetyl.  Especially  in  0-Acetyl  Compounds.  E.  P. 
Clark.  Ind.  Eng.  Chem.,  Anal.  Ed.,  vol.  9,  no.  11,  p.  539,  November 
1937. 

363.  Calcium  Arsenates.  An  Investigation  into  the  Three-Component  System 
Calcium  Oxide-Arsenic  Oxide-Water.  0.  A.  Nelson  and  M.  M.  Haring*. 
Jour.  Amer.  Chem.  Soc,  vol.  59,  no.  11,  p.  2216-2223,  November 
1937. 

364.  Experiments  with  Certain  Copper  Compounds  as  Bunt  Fungicides.  0.  A. 
Nelson  and  R.  W.  Leukel*,  U.  S.  Dept.  Agr.  Circ.  #452,  8  pp.. 
November  1937. 

365.  Quassin.  II.  Neoquassin.  E.  P.  Clark.  Jour.  Amer.  Chem.  Soc. 
vol.  59,  no.  12,  p.  2511-2514,  December  1937. 

366.  The  Solubility  of  Rotenone.  II.  Data  for  Certain  Additional  Sol- 
vents. H.  A.  Jones  and  S.  Love.  Jour.  Amer.  Chem.  Soc,  vol.  59, 
no.  12,  p.  2694-2696,  December  1937. 

367.  A  Motor-Driven  Telescoping  Stirrer  for  Use  with  an  Insecticide 
Spraying  Apparatus.  L.  D.  Goodhue  and  E.  H.  Siegler.*  Bureau  of 
Entomology  and  Plant  Quarantine  ET-114,  1  p. ,  1  fig.  Multigraphed. 
December  1937. 

368.  Some  Physical  Properties  of  Commercial  Paris  Greens.  L.  D.  Goodhue 
and  E.  L.  Gooden.  Jour.  Econ.  Ent..  vol.  30,  n«.  6,  p.  913-917. 
December  1937. 

369.  Homologs  of  Paris  Green.  IV.  Insecticides  Prepared  from  Animal  and 
Vegetable  Oils.  F.  E.  Dearborn,  Jour.  Econ.  Ent.,  vol.  30,  no.  6, 
p.  958-962,  December  1937. 
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370.  Constituents  of  Pyrethrum  Flowers,  X.  Identification  of  the  Fatty 
Acids  Combined  with  Pyrethrolone .  F.  Acree  Jr.  and  F.  B.  LaForge. 
Jour.  Organ.  Chem.,  vol.  2,  no.  4,  p.  308-313,  Sept.  1937.  (Rec'd. 
in  Insecticide  Div.  in  Jan.  1938.) 

371.  Improvements  in  Determination  of  Oil  Deposit  on  Sprayed  Foliage. 
L.  H.  Dawsey  and  J.  Hiley,  Jour.  Agr.  Res.,  vol.  55,  no.  9,  p. 
693-701,  Nov.  1,  1937.   (Rec'd.  in  Insecticide  Div.  in  Jan.  1938.) 

372.  Derris  versus  Cube,  Is  Cube  Equal  to  Derris  as  an  Insecticide? 
R.  C.  Roark.   Soap,  vol.  14,  no.  1,  p.  111-113.  120,  Jan.  1938. 

373.  Determination  of  Rotenone  in  Derris  and  Cube.  II.  Extraction  from 
the  Root.  H.  A.  Jones  and  J.  J.  T.  Graham.*  Ind.  Eng.  Chem.,  Anal. 
Ed.  vol.  10,  no.  1,  p.  19-23,  Jan.  1938. 

374.  Turbidimetric  Titration  of  Small  Amounts  of  Nicotine  by  the  Use  of 
a  Photo-electric  Cell.  L.  D.  Goodhue.  Ind.  Eng.  Chem.,  Anal.  Ed., 
vol.  10,  no.  1,  p.  52-54,  Jan.  1938. 

375.  Agnihotra  or  an  Ancient  Process  of  Fumigation,  by  Satya  Prakash. 
Book  Review  by  R.  C.  Roark.  Ind.  Eng.  Chem.,  vol.  16,  no.  2,  p.  68, 
Jan.  20,  1938,  News  Edition. 

376.  Analysis  of  Commercial  Phenothiazine  Used  as  an  Insecticide.  L.  E. 
Smith.  Indus.  Engin.  Chem.,  Anal.  Ed.,  vol.  10,  no.  2,  p.  60., 
Feb.  15,  1938. 

377.  Determination  of  Rotenone  in  Derris  and  Cube  III.  An  Improved 
Crystallization  Method.  H.  A.  Jones  and  J.  J.  T.  Graham.  Jour. 
Assoc.  Off.  Agr.  Chem.  21,  No.  1,  p.  148-151.   February  1938. 

378.  Determination  of  Nicotine  on  Apples  Sprayed  with  Nicotine  Bentonite. 
L.  N.  Markwood.  Jour.  Assoc.  Off.  Agr.  Chem.  V.  21,  No.  1.  p.  151- 
155.  February  1938. 

379.  Wetting  Properties  of  Triethanolamine  Oleate.  H.  L.  Cupples. 
Jour.  Econ.  Entom.,  vol.  31,  no.  1,  p.  68-79,  Feb.  1938. 

380.  Effect  of  Insect  Attack  on  the  Rotenone  Content  of  Stored  Cube  Root. 
H.  A.  Jones.  Jour.  Econ.  Entom.,  vol.  31,  no.  1,  p.  127,  Feb.  1938, 

381.  Toxicity  Tests  with  Synthetic  Organic  Compounds  against  Culicin* 
Mosquito  Larvae.  D.  E.  Fink,*  L.  E.  Smith,  D.  L.  Vivian,  and  H.  V. 
Claborn.  Bureau  of  Entomology  and  Plant  Quarantine  publication 
E-425,  mimeo.,  34  pp.,  March,  1938. 

382.  Constituents  of  Pyrethrum  Flowers.  XI.  Chrysanthin,  W.  G.  Rose  and 
H.  L.  Haller.  Jour.  Organ.  Chem.,  vol.  2,  no.  5,  p.  484-488,  Nov. 
1937.   [Received  in  Insecticide  Div.  in  April  1938.] 
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383.  A  List  of  Proprietary  Detergents.  Wetting  Agents,  and  Emulsifying 
Agents.  H.  L.  Cupples.  Bureau  of  Entomology  and  Plant  Quarantine 
publication  E-426,  24  pp.,  April,  1938. 

384.  Tank-Mix  Nicotine-Bentonite  for  Control  of  the  Codling  Moth.  L.  F. 
Stciner*  and  R.  F.  Sazama,*  and  J.  E.Fahey  and  H.  W.  Rusk.  Bureau 
of  Entomology  and  Plant  Quarantine  publication  E-428,  multi.,  4 
pp.,  April,  1938.   (Revised  January, 1939. ) 

385.  Toxicity  of  Hydrogenated  Pyrethrins  I  and  II  to  the  Housefly.  H.  L. 
Kaller  and  W.  N.  Sullivan.*  Jour.  Econ.  Ent.,  vol.  31,  no.  2, 
p.  276-277,  April,  1938. 

386.  Complexity  of  Calcium  Arsenate  as  Revealed  by  Chemical  Analysis  of 
Fractions  of  Different  Particle  Size.  Lyle  D.  Goodhue  and  C.  C. 
Cassil.  Jour.  Econ.  Ent.,  vol.  31,  no.  2,  p.  278-280,  April,  1938. 

387.  Organic  Compounds  Highly  Toxic  to  Codling  Moth  Larvae.  L.  E.  Smith, 
E.  H.  Siegler,*  and  F.  Munger.*  Jour.  Econ.  Ent.,  vol.  31,  no.  2. 
p.  322-323,  April  1938. 

388.  The  Toxicity  of  Phenothiazine  and  Some  of  its  Oxidation  Products  in 
Experiments  with  Carassius  auratus.  W.  A.  Gersdorff  and  H.  V. 
Claborn.  Jour.  Agr.  Res.,  vol.  56,  no.  4,  pp.  277-282,  Feb.  15, 
1938.   [Received  in  Insecticide  Div.  in  May  1938.] 

389.  Quassin.  III.  Picrasmin.  E.  P,  Clark.  Jour.  Amer.  Chem.  Soc. 
vol.  60,  no.  5,  p.  1146-1148,  May,  1938. 

390.  Report  on  Arsenic.  C.  C.  Cassil.  J.  Assoc.  Off.  Agr.  Chem.,  vol. 
21,  no.  2.  p.  198-203,  May,  1938. 

391.  Determination  of  Small  Quantities  of  Antimony  in  Tartar  Emetic  Spray 
Residues.  J.  Davidson,*  G.  N.  Pulley,*  and  C.  C.  Cassil.  J. 
Assoc.  Off.  Agr.  Chem.,  vol.  21,  no.  2,  p.  314-318,  May,  1938. 

392.  Fungicides  vs.  Insecticides.  L.  E.  Smith.  Ind.  Eng.  Chem.,  News 
Ed.,  vol.  16,  no.  10,  p.  306,  May  20,  1938. 

393.  Organic  Insecticides.  F.  B.  LaForge  and  L.  N.  Markwood.  Annual 
Review  of  Biochemistry,  vol.  VII,  1938,  p.  473-490.  [Received  in 
Dept.  Library  June,  1938.] 

394.  Insecticides  and  Fungicides,  1918-38.  R.  C.  Roark.  Chemical  In- 
dustries, vol.  42,  no.  6,  part  1,  pp.  636,  637,  639,  June.  1938. 

395.  Evaluating  Derris  and  Cube:  The  Question  of  Total  Extractive  Con- 
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15,  1938. 

398.  Removal  of  Lead  Spray  Residues  from  Apples  Grown  in  the  Shenandoah- 
Cumberland  Valley.  M.  H.  Haller,  C.  C.  Cassil.  C.  W.  Murray.  J.  H. 
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Organic  Chemistry,  vol.  2,  no.  6,  p.  546-559.  Jan.  1938.  [Rec'd. 
in  Insecticide  Div.  in  July,  1938.] 

400.  Determination  of  Small  Quantities  of  Methyl  Bromide  in  Air.  R.  L. 
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Growth  Rainfall  and  Timing  of  Cover  Sprays  on  Jonathan.  L.  F. 
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Capen,  and  C.  C.  Cassil.  Proc.  Amer.  Wood-Preservers'  Assoc,  vol. 
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chocarpus,  Tephrosia,  andRotenone.  R.  C.  Roark.  Bur.  Entomology  & 
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451.  A  Digest  of  the  Literature  Through  1934  Relating  to  Insecticidal 
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2  pp.  1  illus.,  June  1939. 

451.  The  effects  of  neutral  copper  .fungicides  on  tank-mix  nicotine- 
bentonite  in  control  of  the  codling  moth.  L.  F.  Steiner*  and  J.  E. 
Fahey.   Jour.  Econ.  Ent.,  vol.  32,  no.  3.  pp.  365-369.   June  1939. 

452.  Preparation  of  calcium  arsenates  of  low  solubility.  0.  A.  Nelson. 
Jour.  Econ.  Ent..  vol.  32.  no.  3,  pp.  370-372.  June  1939. 

453.  The  Identity  of  Pyrethrosin  with  Chrysanthin  and  Non-identity  with 
Geigerin.  M.  S.  Schechter  and  H.  L.  Haller.  Jour.  Amer.  Chem. 
Soc,  vol.  61,  no.  6,  pp.  1607-1609.   June  1939. 

454.  Removal  of  Phenothiazine  Spray  Residues  from  Apples.  C.  W.  Murray 
and  A.  Lloyd  Ryall.*  Indus.  Engin.  Chem.,  News  Ed.,  vol.  17.  no.  12. 
p.  407.  June  20,  1939. 

455.  Funnel-heating  device.  L.  N.  Markwood.  Science,  vol.  89.  no.  2322, 
p.  612.  June  30,  1939. 
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456.  Th3  Constituents  of  Certain  Species  of  Halenium.  II.  Tenulin. 
E.  P.  Clark.  Jour.  Aoiar.  Chem.  Soc.  ,  vol.  61,  no,  7.  pp.  1836- 
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457.  Rotenone  Series  Compounds  -  A  Study  of  Toxicity  to  the  Housefly  of 
Optically  Active  and  Inactive  Compounds  of  the  Rotenone  Series. 
W.  N.  Sullivan*.  L.  D.  Goodhue,  and  H.  L.  Haller.  Soap  and  Sanitary 
Chemicals,  vol.  15,  no.  7,  pp.  107,  109,  111,  113.   July  1939. 

458.  The  Action  of  Isobutylmagnesium  Bromide  on  3,4,5-Trimethoxyben2o- 
nitrile.  By  H.  L.  Haller  and  P.  S.  Schaffer.  Jour.  Amer.  Chem. 
Soc,  vol.  61,  no.  8,  p.  2175-2177.    Aug.  1939. 

459.  Colorimetric  Evaluation  of  Derris  and  Cube  Roots.  H.  A.  Jones. 
Ind.  Engin.  Chem.,  Anal.  Ed.,  vol.  11,  no.  8,  pp.  429-431.  Aug. 
15,  1939. 

460.  Effect  of  the  Introduction  of  the  Nitro  Group  into  the  Phenol 
Molecule  on  Toxicity  to  Goldfish.  W.  A.  Gersdorff.  Jour.  Cellular 
and  Comparative  Physiology,  vol.  14,  no.  1,  pp.  61-71,  Aug.  20,  1939- 

461.  Toxicity  of  Certain  Organic  Insecticides  to  Codling  Moth  Larvae  in 
Laboratory  Tests.  E.  H.  Siegler,*  F.  Munger,*  and  L.  E.  Smith. 
U.  S.  Dept.  Agr.  Cir.  No.  523,  9  pp.,  May,  1939-  [Received  in 
Insecticide  Div.  August  1939.] 

462.  Determination  of  Arsenic  in  Soil  Treated  with  Acid  Lead  Arsenate. 
Louis  Koblitsky.  Jour.  Assoc.  Off.  Agric.  Chem.,  vol.  22,  no.  3. 
pp.  630-683,  August  1939. 

463.  Significant  Properties  of  Some  Cryolite  Materials  Offered  for 
Insecticidal  Use.  R.  H.  Carter.  Jour.  Eoon.  Ent..  vol.  32.  no.  4, 
p.  490-492,  August  1939. 

464.  Alkaloids  in  Cube  Root.  H.  A.  Jones.  Jour.  Econ.  Ent.,  vol.  32, 
no.  4,  p.  596,  August  1939. 

465.  The  Ramoval  of  Nicotine  Spray  Residue  from  Apples.  J.  F.  Cassidy 
and  Edwin  Smith.*  Jour.  Econ.  Ent.,  vol.  32,  no.  4,  p.  598,  August 
1939. 

436.  Unusual  Davelopment  of  Apple  Perennial  Canker,  Following  Application 
of  Toxic  Wound  Dressings.  E.  L.  Reeves.*  M.  A,  Yothers.*and  C.  W. 
Murray.   Phytopathology,  vol.  29,  no.  8,  pp.  739-743.  August  1939. 

467.  Report  on  Microchemical  Methods.  Alkoxyl  Determination.  E,  P. 
Clark.  Jour.  Assoc.  Off.  Agr.  Chem..  vol.  22,  no.  3,  pp.  622-624. 
Aug.  1939. 
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468.  Wetting  Pov/er.  A  Study  of  Inorganic  Salts  as  Adjuvants  for  In- 
creasing Wetting  Power.  H.  L.  Cupples.  Soap  and  Sanitary  Chemicals, 
vol.  15,  no.  9,  pp.  30-31,  41,  September  1939. 

469.  Book  Review  on  "World  Economic  Review  of  Insecticides  and  Allied 
Products,"  June  1939  ed.  149  pages,  mimeographed  by  L.  W.  Roskill  & 
Co.,  46  Catherine  Place,  Buckingham  Gate,  London.  S.  W.  1.  Price 
5  pounds  ($25.00).  R.  C.  Roark.  Indus.  Engin.  Chem.,  News  Ed., 
vol.  17,  no.  18,  p.  614  (Sept.  20,  1939). 

470.  A  Bibliography  of  Cyanide  Compounds  Used  as  Insecticides,  1933. 
H.  D.  Young.  Bureau  of  Entomology  and  Plant  Quarantine  Publ . 
E-493.  Mimeo.  40  pp.   Sept.  1939. 

471.  A  Field  Method  for  the  Chemical  Evaluation  of  Spray  Deposits  Re- 
sulting from  the  Application  of  Insecticides  for  Control  of  the 
Codling  Moth.  J.  E.  Fahey  and  H.  W.  Rusk.  Bureau  of  Entomology 
and  Plant  Quarantine  Publ.  E-491.  Multi.  9  pp.,  4  figs.  Sept. 
1939. 

472.  Wetting  and  Spreading  Properties  of  Aqueous  Solutions.  Mixtures  of 
Sodium  Carbonate  with  n-Caproic,  n-Caprylic,  n-Capric,  Laurie, 
Myristic,  and  Palmitic  Acids.  H.  L.  Cupples.  Indus,  and  Engin. 
Chem.,  Indus.  Ed.,  vol.  31,  no.  10,  pp.  1307-1308.   Oct.  1939. 

473.  Chlorine  Gas  as  a  Seed  Disinfectant.  R.  W.  Leukel*  and  0.  A. 
Nelson.   Phytopathology,  vol.  29,  no.  10,  pp.  913-914.   Oct.  1939. 

474.  Effects  of  Heat  Treatments  of  Some  Calcium  Arsenates  on  Their 
Toxicity  to  Silkworms  and  Bean  Plants.  J.  W.  Bulger*  and  0.  A.  Nel- 
son. Jour.  Econ.  Ent.,  vol.  32,  no.  5,  pp.  615-619.   October  1939. 

475.  Ease  of  Residue  Removal  from  Late  and  Early  Spray  Applications  o£ 
Lead  Arsenate  to  Apples.  Jack  E.  Fahey.  Harold  W.  Rusk.  Loren  F. 
Steinar*  and  R.  F.  Sazama.*  Jour.  Econ.  Ent.,  vol.  32,  no.  5,  pp. 
714-717.   Oct.  1939. 

476.  A  Bibliography  of  Cyanide  Compounds  Used  as  Insecticides,  1934. 
H.  D.  Young  and  R.  L.  Busbey.  Bureau  of  Entomology  and  Plant 
Quarantine  Publ.  E-494.  Mimeo.  57  pp.  October  1939. 

477.  Chemistry  in  Pest  Control.  R.  C.  Roark.  Soap  and  Sanitary  Chemi- 
cals, vol.  15,  no.  11,  pp.  93.  95,  97,  123.  Nov.  1939.  (Also 
published  under  the  title  "Importance  of  Chemistry  in  Pest  Control," 
in  Pests,  vol.  7,  no.  11,  pp.  14-17,  Nov.  1939.) 

473.  Allenes.  I.  The  Preparation  of  1-Phenyl-1,2-Butadi8ne.  Fred  Acres, 
Jr.,  and  F.  B.  LaForge.  Jour.  Organic  Chemistry,  vol.  4,  no.  5, 
pp.  569-574.  Nov.  1939. 
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475.  A  M3thod  for  Datermining  Daguelin  in  Darris  and  Cube.  L.  D. 
and  H.  L.  Haller.   Indus.  Engin.  Chem..  Anal.  Ed.,  vol.  11, 
pp.  643-642.  Dacember  15,  1939. 


Goodhue 
no.  12, 


430.  Analysis  of  the  Water  Extract  of  Derris  and  Cube.  L.  D.  Goodhue 
and  H.  L.  Haller.  Jour.  Econ.  Entom,.  vol,  32,  no.  6,  pp.  877-879. 
Dae.  1939. 
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Index 

1.  1,789,322  (Jan.  20,  1931;  appl .  Nov.  23,  1927).   MATERIAL  FOR  KILLING 

INSECTS.  R.  C.  Roark  and  R.  T.  Cotton.*  (Chloroacetates 
as  fumigants. ) 

2.  1,791,429  (I^eb.  3,  1931;  appl.  Feb.  23,  1929).   INSECTICIDE  AND  FUMI- 

GANT.  R.  C.  Roark  and  R.  T.  Cotton.*  (Ethylene  oxide  as 
an  insecticidal  fumigant.) 

3.  1,842.443  (Jan.  26,  1932;  appl.  Nov.  15,  1929).    PROCESS  FOR  THE 

MANUFACTURE  OF  INSECTICIDES  AND  METHOD  OF  MAKING  SAME. 
R.  H.  Carter.  (Manufacture  of  double  fluorides  of  the  alkali 
metals  with  aluminum  by  treatment  of  a  water  insoluble  com- 
pound of  aluminum  with  alkali  metal  compounds  and  hydro- 
fluoric acid. ) 

4.  1,863,266  (June  14,  1932;  appl.  Nov.  15,  1929).    PROCESS  FOR  THE 

MANUFACTURE  OF  INSECTICIDES  AND  METHOD  OF  MAKING  SAME. 
R.  H.  Carter.  (Manufacture  of  double  fluorides  of  the 
alkali  metals  with  aluminum  in  admixture  with  hydrated 
silica  as  diluent  by  treatment  of  water  soluble  salts  of 
aluminum  with  alkali  metal  compounds  and  hydrofluosilicic 
acid.  ) 

5.  1,853.519  (June  14,  1932;  appl.  Nov. 15,  1929).  PROCESS  FOR  THE  MANUFAC- 

TURE OF  INSECTICIDES  AND  METHOD  OF  MAKING  SAME.  R.  H. 
Carter.  (Double  fluorides  of  the  alkali  metals  with  aluminum 
in  admixture  with  hydrated  alumina  as  diluent  by  treatment 
of  water  soluble  salts  of  aluminum  with  alkali  metal  com- 
pounds and  hydrofluoric  acid.) 

6.  1,884.966  (Oct.  25,  1932;  appl.  Feb.  19,  1930).    PROCESS  FOR  THE 

REMOVAL  OF  NATURAL  OILS,  WAX,  AND  SPRAY  RESIDUES  FROM 
FRUITS.  R.  H.  Robinson.  (With  hydrochloric  acid,  water,  and 
a  petroleum  hydrocarbon.) 

7.  1,885,100  (Oct.  25,  1932;  appl.  July  11,  1929).    PROCESS  FOR  THE 

REMOVAL  OF  SPRAY  RESIDUES  FROM  FRUITS  AND  VEGETABLES.  R.  H. 
Robinson.  (By  means  of  a  mixture  of  hydrochloric  acid  and 
ferrous  sulphate.) 

8.  1.928.256  (Sept.  26,  1933;  appl.  Aug.  23.  1930).   INSECTICIDE  AND 

PROCESS  OF  MAKING  THE  SAME.  H.  A.  Jones.  (Colloidal  dis- 
persions of  rotenone  by  the  aid  of  pyridine.) 

1  Copies  of  all  patents  can  be  obtained  for  10  ceAts  (no  postage)  sent  to 
the  Patent  Office,  Washington,  D.  C.  In  ordering  a  copy  of  a  patent  the 
number  of  the  patent,  the  date,  the  name  of  the  patentee,  and  the  subject 
of  the  iavention  should  be  stated. 
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9.   1,923,963  (Oct.  3,  1933;  appl .  Aug.  23,  1930).   PROCESS  FOR  MAKING 
AN  INSSCTICIDS.   H.  A.  Jones.   (Colloidal  dispersions  of 
rotenone  by  the  aid  of  tannic  acid.) 

10.  1,933,975  (Nov.  7,  1933;  appl.  May  29,  1933.)   PROCESS  OF  PREPARING 

ACYLATED  PHENOLS.   H.  L.  J.  Halle r  and  P.  S.  Schaffer. 

11.  1,942,104  (Jan.  2,  1934;  appl.  Feb.  20,  1933).   PROCESS  OF  EXTRACTING 

R0TEN3NZ  FROM  PLANT  M.^TERIAL.  H.  A.  Jones.  (By  means  of 
carbon  tetrachloride.) 

12.  1,945,312  (Jan. 30,  1934;  appl.  Apr.  10,  1933).  PROCESS  OF  PREPARING 

DIH/DROROTEDNE.   H.  L.  J.  Haller  and  P.  S.  Schaffer. 

13.  2,024,027  (D3C.  10,  1935;  appl.  Apr.  10,  1931).   FUMIGANT.   R.  T. 

Cotton*  and  H.  D.  Young.  (Ethylene  oxide-carbon  dioxide 
mixture . ) 

14.  2,033,853  (March  10,  1935;  appl.  July  5,  1934).  COMPOUNDS  OF  BSNTONITE 

WITH  ORGANIC  BASES  AND  PROCESS  OF  PRODUCING  SAME.  C.  R. 
Smith. 

15.  2,044,532  (June  16,  1936;  appl.  Feb.  18,  1936).    PROCESS  FOR  THE 

PURIFICATION  OF  PYRETHRIN  CONCENTRATES.  H.  L.  J.  Haller 
and  F.  B.  LaForge. 

16.  2,046.546  (July  7,  1936;  appl.  May  23,  1934).   PROCESS  FOR  THE  REMOVAL 

OF  IN3SCTICIDAL  RESIDUES  FROM  FRUITS  AND  VEGETABLES.  R.  H. 
Carter.   (Aluminum  salts  with  and  without  dilute  acids.) 

17.  2,043,547  (July  7,  1936;  appl.  May  23,  1934).   PROCESS  FOR  THE  REMOVAL 

OF  IN3SCTICIDAL  RESIDUES  FROM  FRUITS  AND  VEGETABLES.  R.  H. 
Carter.    (Ferric  salts  with  and  without  dilute  acids.) 

18.  2,046,543  (July  7,  1936;  appl.  May  23,  1934).   PROCESS  FOR  THE  REMOVAL 

OF  INSECTICIDAL  RESIDUES  FROM  FRUITS  AND  VEGETABLES.  R.  H. 
Carter  and  J.  E.  Fahey.  (Boric  acid  with  dilute  mineral 
acids. ) 

19.  2.049,725  (Aug.  4,  1936;  appl.  March  20.  1935).   INSECTICIDE.   L.  E. 

Smith.   (Diaryl  thioxins,  especially  phenothioxin. ) 

23.  2,050.974  (Aug.  11.  1936;  appl.  Sapt.  12,  1935).  PROCESS  OF  PREPARING 
A  PU.-RIFIED  PYRETHRIN  CONCENTRATE.  F.  B.  LaForge  and  H.  L.  J. 
Haller. 

21.  2,033,539  (Nov.  10,  1936;  appl.  May  21.  1935).   PROCESS  FOR  OBTAINING 

FREE  SILVER  AND  IODINE  FROM  SILVER  IODIDE.   J.  R.  Spies. 

22.  2,063,941  (Jan.  5,  1937;  appl.  July  9 .  1935).   INSECTICIDE  AND  PROCESS 

FOR  MAKING  THE  SAME.   L.  N.  Markwood.   (Nicotine  humate.) 
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23.  2,030,004  (Miy  11,  1937;  appl .  Miy  17,  1933).   DDUSLE  SALT  0?  COPPER 

A'RSZ^nZ  AND  A  COPPER  SALT  OF  AN  UN3ATJ."^ATED  FATTY  ACID 
AND  PROCESS  OF  M.\KIN3  THE  SAME.   F.  E.  D3arborn. 

24.  2,094.831  (Oct.  5,  1937;  appl.  June  27,  1936).   INSECTICIDE.   D.  L. 

Vivian  and  H.  L.  Haller.  [Covers  tha  use  as  insecticides  of 
hydroxy  azo  compounds  containing  at  least  one  hydroxy  group 
and  at  least  one  nitro  group;  for  example,  4-(p-nitro- 
phenylazo)-resorcinol  and  l-(p-nitrophenylazo)-2-naphthol. ] 

25.  2,095,738  (Oct.  12,  1937;  appl.  Jan.  29.  1937).   THERM0RE3ULAT0R . 

L.  D.  Goodhue. 

26.  2,095,939  (Oct.  12,  1937;  appl.  June  27,  1936).   INSECTICIDE.   D.  L. 

Vivian  and  H.  L.  Haller.  [This  insecticide  comprises  an 
aryl  hydroxy  azo  compound  in  which  the  nuclei  are  substituted 
by  one  azo,  one  or  more  hydroxy,  and  one  or  more  halogen 
groups;  for  example,  p-(p-bromophenylazo)-phenol .  4-(p- 
bromophenylazo)-resorcinol,  and  4-(2,5-dichlorophenylazo)- 
phenol. ] 

27.  2,095,940  (Oct.  12,  1937;  appl.  June  27,  1936).   INSECTICIDE.   D.  L. 

Vivian  and  H.  L.  Haller.  [This  insecticide  comprises  an 
arylazo  compound  in  which  the  nuclei  are  substituted  by  at 
least  one  halogen  atom;  for  example,  p-iodoazobenzene. ] 

28.  2,095,941  (Oct.  12,  1937;  appl.  June  27,  1936).   INSECTICIDE.   D.  L. 

Vivian  and  H.  L.  Haller.  [This  insecticide  comprises  a  com- 
pound containing  homocyclic  nuclei  joined  by  one  azo  group, 
and  containing  in  addition  to  not  less  than  one  hydroxyl 
group,  not  less  than  one  halogen  atom  and  not  less  than 
one  alkyl  group;  for  example,  4-(2,5-dichlorophenylazo)-o- 
cresol,  4-(p-bromophenylazo)-o-cresol,  and  4-(p-bromophenyl- 
azo)-m-cresol. ] 

29.  2,096.414  (Oct.  19.  1937;  appl.  June  27,  1936).   INSECTICIDE.   D.  L. 

Vivian  and  H.  L.  Haller.  [This  insecticide  comprises  a  com- 
pound selected  from  the  group  consisting  of  4-phenylazo-o- 
toluidine,  4-ph3nylazo-m-toluidine.  p-(o-tolylazo)-aniline . 
p-(m-tolylazo)-anilin3,  p-(p-tolylazo)-aniline ,  l-(o-toly- 
lazo)-2-naphthylamine,  4-(o-tolylazo)l-naphthylamine,  1- 
(m-tolylazo)-2-naphthylamine,  l-(p-tolylazo)-2-naphthylamine, 
4- (m-tolylazo)-l-naphthy lamina,  4-(p-tolylazo)-l-naphthyl- 
amine,  and  4-(o-tolylazo)-o-toluidine . ] 

30.  2,096,556  (Oct.  19,  1937;  appl.  Doc.  27,  1933).   COMPOUND  AND  PROCESS 

FOR  MAKING  SAME.  C.  R.  Smith.  [An  insecticide  comprising 
nicotine-bentonite  compounds.] 
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2.096,715  (Oct.  26,  1937;  appl .  Feb.  26.  1S37) .   PROCESS  OF  PREPARING 
DIHYDROJAS.MONE.  H.  L.  Haller  and  F.  B.  LaForge, 

32.  2,099.826  (Nov.  23,  1937;  appl.  July  22,  1937).   INSSCTICIDE.   P.  S. 

Schaffer  and  H.  L.  Haller.   [Dialkylacridan. ] 

33.  2,100,493  (Nov.  30.  1937;  appl.  June  3.  1936).   INSECTICIDE.   L.  E. 

Smith  and  H.  V.  Claborn.  [o-,  m-,  and  p-Nitroiodobenzenes.  ] 

34.  2,103,195  (D3C.  21,  1937;  appl.  July  3,  1937).   INSECTICIDE.   K.  A. 

Jones.   [Combination  of  rotenone  and  dichloroacetic  acid.] 

35.  2,104.584  (Jan.  4.  1938;  appl.  Oct.  15,  1934).   DOUBLE  SALTS  OF  COPPER 

ARSENITE  AND  A  COPPER  SALT  OF  A  HIGH2R  UNSATURATED  FATTY 
ACID.  F.  E.  Dearborn.  [Compounds  containing  arsenic, 
copper  and  the  anyhdride  of  a  fatty  acid  of  the  general 
formulae  CnH2n-402  and  CnHan-eOj.] 

36.  2,107,058  (Feb.  1,  1938;  refiled  for  abandoned  appl.  Serial  No. 

744,636,  Sept.  19,  1934.  This  application  June  24,  1937, 
Serial  No.  150,165).  PROCESS  FOR  MAKING  AN  INSECTICIDE. 
L.  N.  Markwood.   [Nicotine  peat.] 

37.  2,110,614  (March  8.  1938;  appl.  May  10,  1937).   INSECTICIDE.   D.  L. 

Vivian  and  H.  L.  Haller.   [Phenazine.] 

38.  2,110,896  (March  15,  1938;  appl.  June  27,  1936).   INSECTICIDE.   D.  L. 

Vivian  and  H,  L.  Haller.  [This  insecticide  comprises  a 
compound  of  the  general  formula  CH3-Ri-N=N-Ra-0H 
where  Ri  and  Rj  denote  interchangeable  homocyclic  aryl 
nuclei,  Ri  being  a  single  benzene  ring  and  Rz  a  naphthyl 
nucleus,  for  example,  l-(o-tolylazo)-2-naphthol  and  4- 
(o-tolylazo)-l-naphthol. ] 

39.  2,110.897  (March  15.  1938;  appl.  June  27,  1936).   INSECTICIDE.   D.  L. 

Vivian  and  H.  L.  Haller.  [This  insecticide  comprises  a 
compound  of  the  general  formula  R  -  N  .^  N  -  Ri  -  (OH)  where 
R  and  Ri  denote  interchangeable  homocyclic  aryl  nuclei, 
R  being  a  single  benzene  ring  and  Ri  a  naphthyl  nucleuG. 
for  example.  4-ph9nylazo-l-naphthol.  (1-naphthylazo)-  phenol, 
and  4-(2-naphthylazo)-l-naphthol . ] 

40.  2.111.879  (March  22,  1938;  appl.  June  27,  1936).   INSECTICIDE.   D.  L. 

Vivian  and  H.  L.  Haller.  [This  insecticide  comprises  a 
compound  of  the  general  formula  Ri  -  N  _•  N  -  R2  -  (NHa) 
where  Ri  and  Ra  denote  interchangeable  aryl  nuclei,  Ri 
being  a  single  benzene  nucleus  and  Ra  a  naphthyl  nucleus, 
for  example,  l-ph3nylazo-2-naphthylamine,  p-(l-naphthylazo)- 
anlline.  and  l-( 1-naphthylazo )-2-naphthylamine. ] 
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41.  2,114.092  (Apr.  12,  1938;  appl.  Mar.  9,  1937).   MSCHANICAL  DUSTER. 

L.  D.  Goodhue. 

42.  2,115,046  (Apr.  26,  1938;  appl.  Feb.  26,  1937).   INSECTICIDE.   L.  E. 

Smith.   [4,6-Dinitro-o-tolyl  methyl  ether.] 

43.  2,123,248  (July  12,  1938;  appl.  Jan.  14,  1937).   INSOLUBLE  REACTION 

PRODUCTS  OF  PEAT  AND  PROCESS  OF  MAKING  SAME.   L.  N.  Mark- 
wood.    [Water-insoluble  reaction  products  of  peat  with 
organic  bases  of  the  group  consisting  of  arecoline,  anabasine, 
codeine,  ethylene  diamine  and  piperidine.] 

44.  2,127,090  (Aug.  16,  1938;  appl.  Feb.  26,  1937).   INSECTICIDE.   L.  E. 

Smith.   [4,6-Dinitro-o-tolyl  acetate] 

45.  2,127,380  (Aug.  16,  1938;  appl.  Apr.  14,  1937).    INSECTICIDE  AND 

FUNGICIDE.   Frederick  E.  Dearborn.   [Compounds  of  copper, 
arsenic,  and  unsaturated  acids] 

46.  2,129,517  (Sept.  6,  1938;  appl.  Jan.  10.  1938).  ADHESIVE  FOR  INSECTI- 

CIDES AND  A  PROCESS  FOR  MAKING  SAME.   Lyle  D.  Goodhue. 
(Pine-oil  foots) 

47.  2,135,551  (Nov.  8,  1S38;  appl.  Sept.  24.  1936).    FUNNEL  HEATING 

DEVICE.   Louis  N.  Markwood. 

48.  2,140,481  (December  13,  1938;  appl.  Jan.  28,  1938).    INSECTICIDE. 

William  G.  Rose  and  Herbert  L.  J.  Haller.   [Pentaerythrityl 
bromide . ] 

49.  2,146,257  (Feb.  7,  1939;  appl.  Sept.  23,  1938).   ADHESIVE  FOR  INSECTI- 

CIDES.  L.  D.  Goodhue.   [Furfural  with  amines.] 

50.  2,145.258  (Feb.  7,  1939;  appl.  Sept.  26,  1938).   ADHESIVE  FOR  INSECTI- 

CIDES.  L.  D.  Goodhue.   [Furfural  with  ketones.] 

51.  2,149,303  (March  7,  1939;  appl.  Oct.  13,  1938).   LIQUID  MEASURING 

DEVICE.   L.  N.  Markwood. 

52.  2,150,759  (March  14,  1939;  appl.  Jan.  28.  1938).   INSECTICIDAL  AND 

FUNGICIDAL  COMPOSITIONS.    R.  H.  Carter.    [Cuprous  amyl 
xanthate  and  diamyl  xanthogen  composition.] 

53.  2,155.010  (April  18,  1939;  appl.  April  1,  1938).   INSECTICIDE.  Andrew 

F.  Freeman.   [N-nitrosodiphenylamine. ] 

54.  2,159,585  (May  23,  1939;  appl.  Jan.  28,  1938).   COMPOU.MDS  OF  COPPER, 

ARSENIC,  AND  A  SULPHMONOCARBOXYLIC  ACID  AND  PROCESSES  OF 
MAKING  THEM.   F.  E.  Dearborn. 
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55.  2,163,000  (June  20,  1939;  appl .  June  14,  1938).   SEDIMENTATION  AP- 

PARATUS.  L.  D.  Goodhue  and  CM.  Smith. 

56.  2,169,793  (Aug.  15,  1939;  appl.  Feb.  11,  1937).   PROCESSES  OF  TREATING 

GLYCERIDES.   F.  E.  Dearborn. 

57.  2,173,333  (Sept.  19,  1939;  appl.  Aug.  16,  1937).   COPPER  XANTHATE. 

R.  H.  Carter.   [Ethylene  glycol] 

53.   2,173,384  (Sept.  19,  1939;  appl.  Aug.  16,  1937).   COPPER  XANTHATE. 
R.  H.  Carter.   [Diethylene  glycol] 

59.  2,173,386  (Sept.  19.  1939;  appl.  Feb.  6,  1939).   INSECTICIDE.   D.  L. 

Vivian.   [Hydrazobenzene] 

60.  2,175.109  (Oct.  3.  1939;  appl.  July  22,  1937).   INSECTICIDE.   H.  V. 

Claborn  and  L.  E.  Smith.   [9-Chlorofluorene. ] 
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AyTHCR_IHDEJ( 

(The  asterisk  indicates  that  the  author  is  not  a  member  of  the 
Division  of  Insecticide  Investigations.  The  letter  "P"  refers  to  tho  list 
of  patents  which  follows  the  list  of  publications.  Numbers  used  here  are 
the  index  numbers  of  the  publications  and  patents  listed.) 

Anon 269 

*Abbott,  W.  S 66 

Acree,  F.  ,  Jr 220,  263,  297,  302,  370,  478,  481 

*Back,  E.  A 64,  85 

Barnes,  J.  W 26,  40,  48,  49 

♦Beaumont,  J.  H. 242.  252,  398 

*Bishopp,  F.  C 1,  20,  123 

*Bulger,  J.  W 474 

Busbey,  R.  L 148,  247,  250,  253,  277,  306,  319,  350,  400,  431. 

432,  449.  476 

♦Campbell,  F.  L 177,  173,  210.  215,  233,  245,  234 

Capen,  R.  G 403 

Carter.  R.  H 21,  22,  38,  55,  67,  68,  97,  100,  102,  146,  156, 

157,  158,  186,  194,  195,  201,  212,  225,  226.  267, 

311,  354,  403,  432,  433,  463 

P  3,  P  4,  P  5,  P  16,  P  17,  P  18,  P  52,  P  57,  P  58 

Cassidy,  John 278,  465 

Cassil,  C.  C 252,  305.  325,  338,  344.  359.  386,  390.  391.  398, 

403,  444,  446. 

Chisholm,  R.  D 420,  442,  450 

Claborn,  H.  V 155,  272,  339,  381.  388 

P  33,  P  60 

Clark,  E.  P 41,  56,  60,  87,  89,  92,  104,  108,  111,  118.  131, 

136,  144,  151,  155,  163,  171,  175,  182,  197,  198, 
203,  214,  227,  255,  262,  290,  310,  316,  333,  362, 
355,  389.  416,  417,  418,  422,  456,  467 

♦Clifford,  P.  A 2C8 

♦Cotton,  R.  T 2,  6,  8,  11,  16,  30,  54,  64,  85.  273.  294.  309, 
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